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Translate this text 

Techniques to determine data rates for a number of data streams transmitted via a number of 
transmission channels (or transmit antennas) in a multi-channel (e.g., MIMO) communication system. In 
one method, the "required" SNR for each data rate to be used is initially determined, with at least two 
data rates being unequal. The "effective" SNR for each data stream is also determined based on the 
received SNR and successive interference cancellation processing at the receiver to recover the data 
streams. The required SNR for each data stream is then compared against its effective SNR. The data 
rates are deemed to be supported if the required SNR for each data stream is less than or equal to its 
effective SNR. A number of sets of data rates may be evaluated, and the rate set associated with the 
minimum received SNR may be selected for use for the data streams. 
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n s ^ t % ft cd 7* - ^ u - h cd % n ^ n £ w t x *es s ft s n r tf , aj*£sts*ns 0 7 > 

ft<i;fe26D7 i -^l^-htf, ^L<ft^ 0 #7*-^XhU-A£M , rs " H S& W ft " S 
NR ( JM T £ a ^ S ) fe^ f-^XhU-A^SitSftftt, SfH^nftSNRfc'^O-' 

s fit a £ w- s m u w ft t w wi v% ?° o -t > ^ (emtJMTta^a) titJ^Tas* 

tlSo §x-5XhU-A£WLT^SftSNR{i, x-5XhU-A£Wrail3<fjWft 
SNRCJfLTfOSJtUSn*, £ x - ^ X h V ~ A £ ft L T *BS S ft S N R tf , f — $ 
X h V - A t m T a H a m ft S N R J; D /h * i/^g L < a ^ L If tl ti\ f-^lz-Ki, 
# - h * n a ^ t t? a £ ¥ ij if 2 n a o 7* - # U - h CD % ft (D -fe 7 h tf , IT ffi * tl § nj 
tt tf 0 , * L T S /> (D S ft * n ft S N R £ M Jl f\f W" tl ft U - h -fe y h f± , 7* - ^ X h 
U - A £ ft T a ffi ffl CD ft 46 £ at $R * tL § nj tt tf S 0 40 
[ 0 0 0 9 ] 

± ib 2 n ft m 2 cd g w * ii gic -r a ft 46 £ « s * n a rt tt tf h a m # » ft n ss m n x a 

, Taffiti, ^jc^-V^^ CMAtf, MI MO) liv-Xf A £ *5 ^ T « ft (D 5M ft ^ -V ^ ;!/ 
(Mitf, 5M ft 7 y r 7^ ) * L T 5M ft * tl S ^ t « ft (D r - ^ X h U - A £ ft L T r - 
*U-h*ftStSfeJ6l«:4it5nSo C <D 2a ffi £ L ft tf r> X , SiStlftSNRH, W 
fttSSSnS. COSISftftSNRtt, y X r A £ ft L T }g S * tl S bJ |g tt tf a , 

g l < ti s ft « £ a a ii ij £ m -3 ^ t m * n , ^LTiiitsjiiiwt^isnaRi 

|g tt tf a o #T-^XhU-A£WraaSWftSNRt, § ft 2 tl ft S N R R S ft 

m £ w- s m m w ft t p ^ ^ n -t? y y ^ £ m -3 ^ r s * ti a 0 ^f-n h u - a £ 

ftfS7*-^U-M±, ^cDft, / >ft<^fe2cD7 ; -^P-htf^L<ftP ) ft^J;7tc;f ;> 50 
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- * X b V - A £ M 7 %>$h^m & S N Rtl-j'^TftS2tl§„ 
[00 1 0 ] 

M £ I# 0)1 2 ft 3 <£ 9 £ , 2 6£, 7^ ffi , 7° d -fe 7 s gfia--? h , Sfia- 1 ? h 

, sm, #-2-7;k yx7A, &tf*%0J5©a^ ©iia, M#«nfT 

73{3!lcDSBMf!l7£:ft7§o 
[001 1 ] 

ftStA StfspJjSli, 0M£ftffl LT«T£M<3M&Mfr 5^ 
£ 0J3 5S £ % 3 & 3 5 o H Tfi "X? a , - M b T ft JS -r s t © a m c # SS w # 7 it gfj -r s » 10 

[00 1 2 ] 

©•fey h£$St-3ft46©£££M2ftft&«kft a^tD^^^^^^jlfi^XrAt 

T ft It 2 ft 3 *J ft ^ & 3 0 *OJ:?4^7Uf +*^ifl , >Xf Att, £ 7C A £ £ 7t 
(M I M O ) if 7X 7 A, «3£HM5>?Jv;l/7 7° 7^ 7 y 7 (OFDM) 
XrA, 0FDM%Sffit5MIM0'>Xfi ( f * ft ^ , MIMO — OFDM7X7A 

) , m§ ss t ft 3 ft 46 £ , a ^ <d mm r xs m m & n # . m i mo->xt 

[00 1 3 ] 

M I M O 7 X r A \t , 7 ' - £ g ft © ft 46 £ a a ( N T ) © 3£ {§ 7 y 7 7 RX3 it ft ( N R 20 
JflftMIMOf f *;Ki, Ns^min { N T , N R } 7 & t> > N s CD !i ft L ft f + * 

;wc # *s £ ft 3 f& ft ^ & 3 0 n s caiLftf t^/vofnfnt, m i Moft** 

■9" 7" 7 -V * ;1/<E> ft ti , M I MOf t^wHcMtSBtt-FOSti^ta&^tlSo C 
ft It IW £ , N T CD ft 7 y 7 7 il N R © § ft 7 y 7 7 £ © fS © JS § * I# HH 7 3 7 -V * ;b £S 
SVHJ7 7X> H_, £ft#7 3 D ^^^;l/JS^Fv h V 7 ^X, H_, CDglgkft i = 1 , 

2, . . . n R ft j = l , 2, . . . n t ft ji L ft # y y 7 y 9 y ^ A m ft 

{hi , j } ft^isK^ns. C C t? , hi , j t J , j#g©)M{H7y77£:iSg©8: 
fit 7 yft i: y 7°y y 7 (T&fc-S, itftfiJff) t?feS 0 #«l:f*fti!)lc, 7 30 

y 7^x, H_, Hy 7;l/-7y^7 2S3i:fH/£2ft ( f * ft ^ > N s = N 
T 7 N R ) , f LT, lOCD^jiLftr-^XhU-A^, N T ©jSfH7y77©7ft ; ? 

[00 1 4 ] 

lift, M I M O 7 X 7 A 1 0 0^©Sii->XfA 1 1 OSfff fliv-Xf A 1 50 

CD H M B B CD 7 d 7 ^Bt*fe5o 

[00 1 5 ] 

SilJ'XfAl 1 Otfe^T, % ft CD 7 - # X h U - A £ W 7 S h 7 7 -f 7 ^ 7 - 5 
f± , 7-^V-Xl 1 ZfrZmm (TX) 7-^7°n-tr-y7l 1 4^\^^P>tlS 0 

if it-a, #7-^xhu-Ati, ?nfn©SM7yf t $ifiLTSi?ti§ 0 t 40 
y^xt-Ati'j^T, Sf-n h y-Atwts h77^ 7 )f-^7*--?7 

[00 1 6 ] 

§ 7 - # X h U - A £ ft L T a - F ft * ft ft 7 - # ti , / W n 7 hr-^^fSfflLTv 
;!/ 7 7° U 7 ^ X 2 ft 3 nj |g ft ^ ft § , ffl * If , Hf ^ ^ f ij V ;l/ 7 7° U * 7 y ^ (TDM) g 
L < ti 3 - F ^ v 9J v ;l/ 7 7° y * 7 y ^ ( C D M ) T? 36 S o / W d 7 h 7 - ^ (i , - IS £ ( 
ii t, ^ < ) S3 P. ft ft 7^ S 7 5!L H * ft 3 K S3 cd 7 - 5 - y 7 h >0 , * L T 7 * ;1/ JS § 
* » ^ t 3 ft 46 £ £ ft « 7 X 7 A £ 33 ^ T ft ffl * ft 3 rT |g ft ^ h 3 „ § 7 - 5 X h U — A 
£ ft L T v j]/ 7 7° y 7 * X * ft ft / W n 7 h R ZS n - F it * ft ft 7 - * ft , * cd If , * cd 50 
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x - 7 X h U - A £ ft L T at K 2 ft fc # S © M X * - A ( M X ff , BPSK, QSPK 
, M-PSK, SL(ttM-QAM) £ S -3 T ^ If 2 ft T ( T & fc> , is y # ;1/ V 7 ~f 

jut) , S««nfti'y*/v*4ji8 0 r ' - * u - h , ^ - 7* -r y 7\ & # 7* - * x 

[00 1 7 ] 

£ r © r - 7 x h y - a £ fi t z> m M is y )V ff , * <d ft , t x m i m o 7° n -t? 7 -9- 

1 2 Ot4i5nS„ T X M I M O 7° n -fe 7 -9- 1 2 0(1^ ( <5 \\ x ff , O F DMtjtftS 

) ^ if y y # 2 s £ m t & rt i£ m & s 0 t x m i m o 7° n -t 7 9- 1 2 oa, 

CD ft , N T CD ^ II is y # ;!/ X h U - A £ N T <D }M fH 8 (TMTR) 1 2 2 a fr> 5 1 2 2 t 10 

&mmm 1 22a, j enfnoj'^*;i/^h'j-A*siL, mlt, i g 

L < ff * ft « ± (D 7 7" D 7 ft *f * 4 A 3 , ?LT7t;^MI^I;2etIILT (Miff 
, 41 ffi L , ^LT7-y7°ny/^-hLT) , M I M O f t *;V%1* L fcl 

iticmLrc^mz titcmmt ^ si z> o mmm i 2 2 a ^ e> 1 2 2 t *>■> 5 © n T ©^s?n 
At # a , * cd ft , ^nfnN T oryfti 2 4 a a* s 1 2 4 t*>esi«n«, 

[00 1 8 ] 

Sfli'>xf i 1 5 oicfe^t, s ft * n /c ^ in 2 n /c « # ff , n r ©/ytti 52 
ft ^ ft cd § ft n (rcvr) 1 5 4t§jt6n* 0 #s«n 54a, zn^ntD^mz 

nfefl#*HSEL (Miff, tint, ^ t t ^ 7 y ^ y h t ) , +j-y7° 20 

;V * 4 x. s Tc ib £ m SE * n ft *f * -fV y" 5 ;Wt L , LTMfSt § " S ft * n " is y 

& )]/ x h u - a £ 4 x s /c 46 1 9- y 7 0 ;i/ * 2 e. £ m a -r s 0 

[00 1 9 ] 

RX M I MO/f-^ot-yf 1 6 Off, ^ <D ft , If /£ <D 8: ft H 7° n -t? 7 y 7 R f5 

tI-3*^tN E ©Sit 1 5 4 e> © n R © g ft 2 ti /t y y # ;i/ x h y - a £ g ft b , ffi 
ilt, n T <d " & tti 2 ft " y y # ;i/ x h y - a £ 4 x 3 0 r x mimo/t-^ 

p 4r 7 9- 1 6 0 £ <fc § 7° n -fe y y 7 t± , JK T £ 2 ?> £ f£ ID £ 3£ ^ S> ti S 0 # $fc tH * n is 

y & )]/ x h u - a ff , jpt£t5f-n h u - a ic a t t m m * n /c ^ m y y ^ ;kd ft s 
ft t? & s y y ;i/ ^ # t? 0 R x m 1 MO/f-^nt7* 1 6 0S, ^ cd if , # tH 

* tl is y $ )]/ X h V - A * 7* t a U - h L , f-f > $ - U - 7 L , HTf3 - Fb 30 
T „ f-^X h'J-AtMt? h77^"y^f-^*il4t^o RX MIMO/x'-X 
7° D -t 7 9" 1 6 0 t <fc § 7° D -t y y 7* ff , Siii/Xf A 1 1 Otfe^TTX M I M O 
7 D -fe 7 ■y- 1 20SffTXf-^o-t!7*l 1 4lC«tt3THS£*nfcfe©lC*fLTffl^ 

[ 0 0 2 0 ] 

R X M I M O / r — ^ 7° n -fe 7 -9" 1 6 0 ff , M X ff\ h ^ 7 -i 7 7 T ' - ^ * ffi ffl L T 
v ;l/ ^ 7 y 7 7 X * ft / W n 7 hlLltJ^T, N T <D m 19 R Xf N R Off 7yf f <ORi 

cd * ;i/ js ^ <d m s w * m ta t s rt fcg tt ^ s s „ f- -v * ;v js ^ jft s ft ff , sutu^ 
T^f^gK ff ^ / Hf 7 n -t y y 7* * n ffi -r s *6 1 fs ffl * ft s nj m tt ^ » s 0 r x 

M I M O / r ' - 7 7° D -t 7 9" 1 6 0 ff , ^ til * ft fc 7 y * )V X h U - A (D ft # - M - 7 40 

-f x — Rzs — ^wit ( s n r s ) , &t;*j ; !-e»<{icD9 L -¥^;i/#tt^^e»£fis-r§nj^ 

tt ^ D , ?LTiin5©I^3y hD-7 1 7 Ot4^2BJ11t^fe§o RX M I M 

o/f-^7*Dt7+)-i 6 0Si<iiayhD-7i 7 0(t yxf Atat? "^-^y 

- t j y 7* s n r cd » s fit * * h ic m ta -r % % m ft ^ h % 0 c ft ff > a « u y z <d « n 

(DmUXh^o a y h D - ^ 1 7 0 11, * (D ft , f- 7 * )]/ H 'I* ?g ( C S I ) 

C ft ff , ffl ft U y^RffVSL < ff S ft * ft r - 7 X h U - A £ HI S S 7 (D 7 7° (D 

ff is * n e -r § nj m tt ^ s c m %. ff , csm, *^y-f^y^sNR/-af^flit 

S 14 S c CSIli, t CD ft , T X 7* - 7 7° D -fe 7 9" 1 7 8 £ «fc 1 X © H * ft , * 
y a y - 7 1 8 0 t .fcoTll^n, g ft a 1 5 4 a S. 1 5 4 r tioTII^fl, ; e 
L T , Ifliv'Xf A 1 1 0 -\ m £ 31 ff 2 ft S 0 50 
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[ 0 0 2 1 ] 

gliv'Xf Al 1 Otfe^T, Sflv-Xf A 1 5 0 ft S> © ^ iffl * ft ft fa ^ fi ^ 7> 
ftl 2 4ia^T§l?h, S ft H 1 2 2ti^tll*tl, f€2/al/-? 1 4 Ot 

iii/Xf AtigSnftC S I^BitS. IS^nftC S IB, ft © fjft n y h n - 
71 30£#X5n, f LT (1) f-^l/-hS(ff-^Xh'J-At)f}LT«ffl^n 
5^^a-ft^yft&ft^lIXft-Aft?£Sft§ftA6, fit (2) TXf-^yot-y 
■9- 1 1 4Stf T X M I M0 7°n-fe-y+4- 1 2 0lC*ffSil^©M®*^J^fSfcJ6lCffiM 
c? ft •§ o 

[ 0 0 2 2 ] 10 

nyhn-^i 30Sffl 7 0 a, ft ft ft' ft }M fH « & ft S fH « y X ft A (c ft ft S ft y 
-v-ay^litS, ^ * U l 3 2Slf l 7 2 fcft ftifnny hn-7 1 3 0Stfi 7 
0icj;Dffiffl^nfc7 o n^^Aa-F&t;x-^ic;»-rS^»-Sr^^So 
[ 0 0 2 3 ] 

M I MO->Xf Atfj-rStfiKi, KT©<1;5 tiJnSRfltt^SS : 
_y_= H x + n_ S ( 1 ) 

l l t\ , § ft 2 ft ft ^ 7 h ;k ft * fc> -5 , [ y i y 2 ---y N R] T .^ 

C2 T? { y , } fi , i#I©Si7^fttfc^TSi*nftxy * b T i 

G 11, • • • , N R } t? 36 D , 

x_& ^ fi^nft^i' ft ft fc> > jl= [ x j x 2 ...x NT ] T ,;:;: 20 
t? I x j } ti , j s g © § ft 7 y ft ft t ft ^ t S ft * ft ft x y h y - 1? & D , j g li, 

. . . , N T } t? 36 D , 

Hji , M I MOf t*;l/tSt^f t*;KSSv h U '^Xt'^t), 

nj± ^ 0_© ¥15^^ h;bR0 A_ n = o 2 J_© ft ft St V h U '7 7 X £ ft 3 ft ftp W ft 

* 7 ft h # 7 ft 7 y 7 ft X ( A W G N ) "Z? 3 , £2 22 "Cft 0J± -tf n © ^ 7 h ft V & t> , J_ 

it ft ft gg \c ?S -3 T l T* & t) * ft fit ft it •£ n t? & s 7 ft r V ft -f r -f v h y >y 7 x t? & »k 
HTo 2 fi 7 y X © ^ v St ft S , ft b T 

[. ] T it s [. ] 

[ 0 0 2 4 ] 

© 5/ y # ;!/ X h U - A It , Stftfe^tl^tf^tS,, It, l"3©Iffl7yft^ 

6 g ft * ft it 3f S © ft > # ft x h y - a t± , a * s s fa & ft ffi *i ■? ft r © n r © a fi 7 y 

ftti^TSi^nSnJlttsi/'fcS. § S ft * ft ft ft # t± , fOi^KLT, N T ©^ 

fit 2 ft ft y y # ;v x h u - a © n % n © j?Sc ^ * # rt |g 14 ^ s 0 n r osisnftt 

# a , ^ r © n T © ft * n /c y y ^ ;i/ x h u - a * js IE t is is a -f t? & s 0 b ^ l ft ^ 
6 , en 6 © n T © y y ^ ;v x h u - a a , n r © s m ^ n ft ft # © t ^ v st s n s 0 

[ 0 0 2 5 ] 

s ft fii t *5 ^ t , a ^ © 7° d -t y y ^ s t5 & , n R © s ft * n ft ft # * 5a a -r s ft * t 

ffiffl^EtiSnliliiii'fe^T, N T © 3^ fS * ft ft y y # ;!/ X h U - ft * ^ m f S of |g 14 ^ 

So c ft p> © S ft fil 7° d -t? y y ^ K f5 a , 2-o©±ft*r^U-t^;l/-7°ft^ftSnjig 40 

SlWStfSS-i^ ^SfH^7 0 D^y >?&ffi (cfttt, ^7^€--> 3 

" a iR W ft 7 u y ft / y a ^ y ^ - y 3 yRXJ^wmm" S ft A 7° d ft y y 
ft K f5 ( c ft it , " m m W ft ft i^ffJ ^ " Sfttt " 3^ W ft I'J ^ " S ft m 7° d ft y y ft K 

[ 0 0 2 6 ] 

y y ft x h u - ft ft K go b «fc 5 ii IS » s o § £ ft * ft ft y y ft ft x h u - ft a , ( i ) 
ft-¥ftftjs^©ftStfftaftft^TN R © s fs * ft ft fs # tfi ft is s ft ft 3^ fs * ft ft y y ^ ft so 
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Ti^iitSL}; ( f ft ft , mi ft f %> c t ) ti^t "^m^tx§" wr ise tt ^ » s o 

c ft 5 © § ft «§ 7° n -t y y y g m a , ( 1 ) m © is y # ;l/ X h u - A e> © =F P * IS < T 
Tc &b fc ffl ^ © ft 2 n ft 5/ y # ;l/ X h V - A * r n y y - h f % , gLOi ( 2 ) |©-> 
y # ;l/ X h y - A 6 © 7 ^ X & T S> © # ft © ^ # ^ ffi 2 ft ft y y ;V X h u - A CD 

sNR^i^iktSiii:, c^fn**K»8. # B 2 ft ft y y # ;!/ X h V - A (4 , % 
©i, ?6tli?tiT ( ffl * t4\ a if £ ft , x y y ^ - u - 7 2 ft , titfa-F* 

ft T ) , ->y*')^MJ-i,tStU77^^f-Mlit5, 
[ 0 0 2 7 ] 

S^W^iiJ^SfH^7 0 D^y y^Rf5(4, 2F«g L < ti£IS - Hf Rg£ffl«7°n -fe y y 10 

* ft ft y y # ;i/ x h y - a " icgH-r3 z Fi£*ii![Rfc , rsci:*i(#s, * © is * , % e. 

S4?tifc5/y^;VX h U - A fi , ^LOTiL^SItf «fc D ffi ^ S N R s § 51 $ T? 

#aRr^tt^»So # s £ * ft ft y y # ;i/ x h y - a t e h t % =e m t>\ ie m t ft s t? * 

, * LTliJft2ft3 ©"efttUi* , MWft ffiftSfH«7 0 n -t? y y^Mkft M^ftS^r 
SitttfSfeS. c ft i4 , y y # ;i/ x h u - A © x ^ - # m ^ S L < (4 ffi x ^ - n 4 * *es s t 

t4, -flSfc^Wft/^-Hf F^ftH^n y y^Rf5 <fc o tant^s, 

[ 0 0 2 8 ] 

a it W ft gu ft S ft flft 7° d -t y y 7* r f5 ic m L t , n R © § ft 2 ft ft y y # ;b x h u - a 20 

fi , N T © X r - y ic 4: T 50, H 2 ft T , § X -r - y ic ^ T 1 n © 3£ M 2 ft ft y y # )V 

x h u-A*iswtssts. § as ft 2 ft ft y y # ;i/ x h 'j-A^si^ns^nt 
, s -p t ^ s * /£ n 4 ^ ft t ^ ft ^ y y & )i x h u - a 1 4 u s =f i$ i4 , § ft * ft ft y y 
h'j-A*^ts?n, ^bTgij^^ns, * l t , " m. m * ft /c ■■ y y ^ ;i/ x h 

U - A f4 , ^(DXr-^ti^T^Stll^tlT, ^ © 3^ ft * ft fc y y & )]/ X h v - A 

^Sit5o as ft 2 ft ft y y # ;i/ x h u - a ^ x 5 - ft t t* ( g l < (4 ft /Jn © x ^ - ) 
s^sftscfctf-etsftstf, * t t ? * ;ks § m fit ^ s a t ie 5t t* h % ft e> a\ 

t S 4 * ft ft y y # ;i/ x h u - a © s n r {4 , * # 2 ft s » coiatLT, <fc t> « ^ tt 
DB # , ^ t © )S fs ^ ft /c y y sj? ;v x h y - a ic M l t (^^^(iii^nsttifflos 30 
« 2 ft ft y y # ;i/ x h y - a * m ^ x ) ^^^ftswr^tt^ftSo 

[ 0 0 2 9 ] 

« T © f5 1§ ^ , C C t? i4 ffi ffl * ft S : 

" 31 ft ^ ft ft " y y ^ ;i/ x h y - a - m m t y r ^ e> ^ ft * ft ft y y ^ ;v 

x h y - A ; 

" s ft * ft ft " y y ^ ;i/ x h y - a - m m ffs ft t p ffJ ^ ( s 1 c ) s ft a © 

fg 1 © X f - y t 1 1 S ^ fS W S b < t4 S H - ^ H ^ n -fe y +?- "\ © A 73 (06#1) ; 

" m m * ft ft " y y ^ ;i/ x h y - a - s 1 c s ft «i © § 51 1 ^ < x r - y t 
fettssiwsK i4 ^ - Hf 7 d -t 7 -y ^ © a ^ ; 

" m til * ft ft " y y ^ ;i/ x h y - a - s ra w ^ n -t ^ -y ^ e> © m jj ( ft A n t 40 
- k + 1 y y ^ ;i/ x h y - a $ t? ^ x r - s> k t *s ^ r ^ m * ft % nj ft # ft s ) ; sr>* 

" s * * ft ft " y y ^ )]/ x h 'j-A-f fiitfc^tf 3 - f * ft r ^« y 
y ;i/ x h y - a ( 1 o © ^ m * ft ft y y # ;i/ x h y - a ft if ^ , sxf-^tfe^ti 

[ 0 0 3 0 ] 

m 2 14 , n T © ffi * ft ft y y ^ >v x h y - a * n ^ f s ft *6 1 n r © s * ft ft y y 
)]/ x h y - a % m a -r 3 ft * © a ^ w ft gij ^ § ft n 7 0 d -t? y y ^ g ffi % 7^ -r 7 d - m x 

ft 3 o Ilttt5ft)6lc, l2tit§KT©lB^i, ( 1 ) S H W -y 7 f - * ;!/ © ISC t4 

> If/yf tOSttlL^ ( f ft ft -5 , N s = N T ^N R ) , Rff (2) 1 OiDliL 
ftx-^XhU-A^ft #gi7>ft^6Si?n8Ci:*fi£t8. 50 
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[ 0 0 3 1 ] 



w> i ©xf-^tSLT ( k = i ) , § m m a , n r ©si^n/i^yifwi/x h u-a 

fc 2 Pe§ W g L < a 2 Pe§ - Hf Pe§ 7° d -fe y y 7 * SJ i6 £ H SS L T , N T &D {§ 2 n ft y y 7 ;F 

XhU-A^KgiJ-r^C^^IS^?, (Xf 7^2 1 2) o gUDXf-ftJJU, SB 

W g l < a s 5§ - Bt b 7° n -t y y 7 a , n t © (*j?sisnt^ft^) Sfl^nftv-y 

* ft ft y y 7 ;i/ x f y - a cd i o a , * © % , ( w * a\ igoi^x^-A ti-j'^ t 
i s? * n , fLTsetjjii^h?. x r - 7 £ *s ^ t s * * n s ^ * m m 2 n ft y y 

77FX F y - A CD 7 7 7* y 7 -f 7 -f t>\ 7 7° y 7 V (a priori)^ 6 ft * © T* % ft fcf > SB 

W g L < a S B - Hf B 7° d -tr y y 7" a , ccgflShftfy*;^ h y-it^LT 1 o 10 

ft if <d til B 2 ft ft y y 7 ;f x h y - a * 4 * s ft a& £ n % 2 ft s 7 f£ tt # & s „ ^ -f n o 
ittfe^tt, a s? * ft ft tii m 2 ft ft y y 7 ;i/ x h y - a a , *6tsaa*ftT c m a 

a\ 7 * 7 a y - F * ft , 77y7-y-72tu 7 L T r a - F 2 ft T ) , 7 a - F 2 

ft ft 7* - 7 x h y - a £ l# s o 7 a - f * ft ft 7* - 7 x h y - a a , coxf-ftj!^ 
T#i«nn^Sf?nfti/y*/^ f y-Atst?f-n h y - a © ft s « 7 

§ ( X 7 7 7° 2 1 4 ) 0 



t <d if % £ t cd )S fs ^ n ft y y 7 ;i/ x f y - a & n 7 2 ft ft 5 © $ s # , ft * ft s 
( x 7 y 7° 2 1 6 ) o SiAWixf^tt it ft «i 7 0 d -t y y 7* a ft 7 T s 0 * ft « ^ t? 

6 ft a\ n r <D § ft * ft ft y y ^ ;i/ x f y - a <d % ft ^ ft t o r ft -3 ft 4- - B £ * ft ft 20 

y y ^ ;F X F y - A t g H -T S 7 i$ ^ , fS/£2ftS ( X r y 7° 2 1 8) o Tiii, (hid 
f-^XhiJ-AtSLtSiia^7 htfc'^Tfgffl^ftftlsI-Oa-xVy^, -f y 
7-U-e~y7\ ^LT^PX^-A^fgfflLT) W 46 t t* a - F 2 ft ft 7* - 9 X F U - 
A^Bxyn-r^yT* L, Bxyn-F^ftft7-7^7y7-y-ey7' L, ? bt 

7 y 7 - y - e~ y 7* ^ ft ft 7* - 7 * y y >7;b v 7 t° y 7* -r s c t ic <fc -p t , fs ^ * ft s rt 
it tt ^ d , " s ^ p * ft ft " y y 7 )]/ x h y - a * i# s 0 s ^ h * ft ft y y 7;i/ x f y 
- a a , ft -3 ft 4- s ^ * ft ft g ft * ft ft y y 7 ^ x h y - a <d m fit t* & s 0 s ^ h * ft 
ft y y 7;fx F y - A a, ^ 7;fjS^^ 7 F )V h_ s *P<d n r <o g n <d ft ^ ft 

IC J; -p T 3 y 7 ;F 7* ( convo 1 ve) £ ft T , ft -3 ft 4" - B 7 ^ ft ft y y 7 )V X F 'J-Atg 
H 7 S N R CD =F )$ JSR ^ v * # til 7 S 0 ^ 7 h ;b h_j & ^ ft ^ ft 4 - S 7 2 ft ft y y 7 ;1/ X h 30 
'J-At^tLTf ffl^rif; j SB(0Si7yfttS)St§ (N R xN t ) f - 7 )]/ JS «F 
V F y 7 7 X s H_, <D ff "t? & § 0 ^7h;Fh_j a, j S@Olfl7yf f fcN R «Sfl7 



N R © =F j$ fiic ft a , * CD If , N R CD S ft ^ ft ft y y 7 ;b X h y - A ^ P. M L ?l ^ ft T , 
N R CD^|i^ftftyy7;FXFy-A^»m7§ (Xx-y7° 2 2 0) o Ctif.©Sii^ft 

ft y y 7 )]/ x h y - a a , ft -3 ft 4- - B 7 * ft ft y y 7;i/ x h y - a tf- m ft * ft t ^ ft ^ 

(7ft^7, Tiffli^aSWtillJtifetlgt^) CDT'fefta\ §f Stifciif f 

[ 0 0 3 4 ] 40 

X r 7 7° 2 1 2 R XS 2 1 4 £ *J ^ T H ffl * ft ft 7° D -fe y y 7* t± , * CD If , ( N R CD 58 fit 

* ft ft y y 7 ;i/ x f y - a © ft t> d t ) n R cd s h * ft ft y y 7 >v x f y - a t s t) £ * 
ft t , ffl <d m m * ft ft y y 7;i/ x f y - a * n 7 7 s 0 x r 7 7 2 1 2 & tf 2 1 4a, n 

7 * ft S ^ # # 3£ * ft ft y y 771/ X h iJ-itSLTCOi^tLTiDgSh, -?■ L 
T , S 7 * ft S ^ # fifi © 3^ * ft ft y y 771/ X F y - A ft a , X r 7 7 2 1 8Stf2 
2 0 H ffi £ ft 3 o 



H 1 X f - 7 K ft L T , A 7 y y 7 ;l/ x f y - a a , N r <d s ft 7 y f 7 ^ 5 © N r © 

Sfl * ft ft y y 7;i/ x f y - a t* %> % 0 % l t § §1 1 m < x r - 7 1 w l t , a 7 y y 7 

;l/ x h y - A a , ft 7 o x r - 7 p> cd N r © £ H s ft ft y y 7 ;l/ x h 'j-iffes, § 50 



[ 0 0 3 2 ] 



[ 0 0 3 3 ] 
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xf-^tstsynt^y^a, m m © -ft m t? m < 0 w 1 x r - y t & < # x f - y t 

I5^t, M © X r - S> K ^ T If £ * ft y y ;!/ X h U - A a , ii^ftfcfclg^n 
, ;l/ JS «F ^ h y y ?XH_©*# Sa, #fIiOXf-^tSLTHT/c'(t 

[ 0 0 3 6 ] 

a ft w a ij & § ft n 7° d -t y y 7* a , Lc^tbt, ss?n8'<t#sfsnfti' 

y jj? ;l/ X h y - A t ft L T 1 ~D © X r - V s © * WROX-?- — |Xf-^tt> & 

fit * ft y y # )]/ X h y - A cd 1 o % n £ L , fit ( * ft © X r - JM ft a ) L«j|i 
3 ft y y # ;l/ X h y-AtiHtSTi^UILT, & CD X r - ft f S £ 19 2 ft 

y y # ;i/ x h y - a * af m t s 0 # a & w t s £ 2 ft y y & >v x h y - a it , c cd «t 5 10 

t LT i D4>ft^=F#*£W\ LtTilli* L <£ 0 feJ; S N R * it j£ t? # 3 „ 

B £ * ft tc y y # ;i/ x h y - a <d s n r s it , f cf->y#ii/X h y — a ^ B £ 2 ft & # 

[ 0 0 3 7 ] 

3 it W ft ffl ft S fS « 7° n -fe y y y t ft L T * k # @ cd X r - s? ft f § A 71 y y # )V X 

h y - a a , (Kick- i x r - s> t ^ r s £ * ft y y # >v x h y - a & e> © =f m & 

V k = H_k x_k + iL £ ( 2 ) 

£ £ > JAk a, kSgcDX-r-ytft-rSN R x 1 <D A XJ ^ 7 h ;K T ft fc ^ , jL k = 
[ y i k y 2 k • • • y k n r ] T T? » 9 , ECU { y , k } a , k S @ <D X f - £ *5 20 

iLk a , kf goxf - ytft-rs ( n t - k + 1 ) x 1 oif?nfc^7 h;K 

f ft fr ^ , JLk = [ x k x k + ! . . . x NT ] T t?fe0, C C t? x j 14 , j#g(D^ 

W 7 y r 6 ft * ft fc x y h y - t* 0 ; 

H_ k a , M I MOf tliWcjlftl N j x (N T - k + 1) f f *;K5Sv h 'J ^ 
^ X T* 0 , ttitSS?rtftyyt01/X h y - A ic ft -r S k - 1 jrj ^ i'J ^ * ft T 1^5 , 
■Tft*3^, H_ k = [h_k iLk + i • • • iLN t ] : 

n_a % m » w ft * 7 y h # 7 y 7 y y y x t? s s 0 

[ 0 0 3 8 ] 

IMfrsftftt, s ( 2 ) a , s ffi 2 ft y y ^ ;i/ x h y - a a , gi/yftois 30 

( -r ft t> % , ft 7 y r i ^ e> ^ ft * ft fc y y ^ jv x h y - a ^ , lit 

ft , m * , * l t , s ft 7 y r n T ^ e. ft * ft /c y y # ;i/ x h y - a ^ , litis 

2 ft 3 ) tIStSo £ ( 2 ) a , «TO<fe , 5t»tit*ftSRr^tt«'»S : 

[» 1 ] 



y k =ZMj + 3 ^(3) 



[ 0 0 3 9 ] 

xf-v'ktjo^Tii^ng^tifl^nfti/y^^x h u - a a , =f j$ -y- 7" - ^ 

« * ft y y ^ )]/ x h y - a a , f- * ;i/ js § ^ 7 h )i h_ k t # -r s Ltss^n 
s ) o s ft * ft fc y y ^ )]/ x h y - a cd =f W <d ft ^ jsr ^ v a , =f W <d ft ^ -y 7" - ^ rs 1 4s a 

ft ^ +j- 7" - £ a , f i*x-$Fittst§ 0 c © s » a , h_ k % w_© js «f * ft a 7 

fiIT5t(DT*i&5. c C 7, n = 1 , 2, . . . N T -k£ftLT, _S_' = span ( 50 
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J T - k 



) , i 



H . 



_n 



9T? 



m S 



t j£ # r> T ^ S 
[S( 2 ] 



£JE££ip"?&3o & £ © & 7? ¥ ±3 x * ;l/ # - f± , SSl?#i5n3 



£[|w H h, | 2 ] =£[|hfh t | 2 ]-£[|S'"h, | 2 ] 



_ N R -N T +k 



iC(4) 



[ 0 0 4 0 ] 

fit 



I H 



[ 0 0 4 1 ] 

[ 0 0 4 2 ] 

N R e f f ( k ) , a , T © «fc 9 ic m. * n 3 14 & S : 

[S3] 



SNR efr (ik) = ^« ^ + 



it (5) 



[ 0 0 4 3 ] 

p t o t \t s r - # s f§ t # l r ? ij m rt tg * as {§ m # <o % ens, N T © 

giTVf tictjft^te-tEi^ft, fogs P t o , /N T tf, ^Hf/yff t 

o 2 a, / -r x m. m v h s „ 

[ 0 0 4 4 ] 
[» 4 ] 



P N 



5C(6) 



[ 0 0 4 5 ] 

£ ( 5 ) R tf ( 6 ) ^l^LT, kSIOXf-f £*^TSSSnftJ'y^;l'X F >J 
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[« 5 ] 



SNR eff (fc) = 



f N„-N T +k} 



N T N R 



SNR 



DC 



it (7) 



[ 0 0 4 6 ] 

s ( 7 ) t^snftaififtsNRosa, ii©fisti^'<„ git, #si^nfc 

r-*X h V -A tEHtlfi^, aaWtffij^^n, «8loS£*nft'>y^;VXh 

V - A £ «fc 0 11 ffi * n fc J -f X R tf =F j$ £ 4 L ft ^ il IS S "T 3 0 SZt, x ^ - ^ 1 o 10 

©Xf- V s ^ Sffi'MSiSbft^ (SL<ii, ^LLfrfcJfbft^) tfg/gTSo |3t, 

s n r £ ft ± t -r s ft a ft 7 ;i/ # # , # ^ m 2 ti b y # ;i/ x h u - a * i# s /c 46 £ is 
ffl^tiSo £ (7) a, a © $ {& •? (tftb?, i oggi/<ttdB#fi?fl;<) an 

[ 0 0 4 7 ] 

tfss. # y # ;i/ x h u - a (D m i& * n s n r # & m m £ *s ^ t e> n s © t? & n a 

s IWO;^y H5-l/-f (PER) £ g j£ L ft # 5 , X'ti'h;l/S&$**^£t* 20 

b L ft , t^< O^OM I MO->Xf AtSLt, II ft © -V * 

;V«H«f-f- *;l/ttt8fflfSitf , £{HH£35^T*iJffl-?£ft^o coJi-^ttt, 7*-* 
X h V - A £ ft b T HIM JS 14 © & S b - hMI^f ItS C fctf^Rr&iT?fcSo 
[ 0 0 4 8 ] 

Ktt^ ^ < O CD M I M 0 b X f A 7? tt % ^•¥*;VtfHft^#gM«fcfc^TiftJfflt? 
*ftt^i§^£s 7*-#f±, B-Of-^l/-F (Tftfc-5, 7*-* b- h ©-SiftlBfH) 

;l/X h U -Af±, MWftffi[iSfH$t7 0 n-feS/ y ^SfSfffl LT8H3n«Bfitttf$ 
So gSffilOXt-it'fi, # X f — v 1 k £ 33 ( N T - k + 1 ) © ^ tti * tl fc b y 
& )]/ X h V - A © S N R s R S * tl , J fLTS^OSNR%WtmtllSnft > >y#;l' 30 
X h U — A f± , ^©Xf-^tfe^TSi^n^o f-^U-hO-i&Efl^ttSil 

© S ft x * - A ti , fiat¥Cftttl*4*«. 

[ 0 0 4 9 ] 

r « a , si ft <d f- * * ;i/ ag © fit m x tb % f- + * ;i/ « n ft n # & f» m £ & ^ t f \\ m ? # 

ft if -a- £ , M I M O i/ X r A £ S b T 2^ # ^ tl /c tt tg * 4 A S 46 £ d d £ 4 A 5 tl S 

o nifa, 7*-^ b- h cD^i^-ftiaff *^ sisnftf-^xhy-icstTft 

ffl^tl§. 7* - * b - h tt , (1) i D ffi^fi^OSiSnft S N RSf t«3f£OgL 

<a}g^?nftiX't7h/Hi$, Sb<ii (2) 3rsogb<iiiSjnftSijnft 
s n Rtstsi o ft ^ ^ x ^ ^ h )]/ m m > ^jifiSc-rs/c46£»K^nsnjigtt^feSc 

b - h © 5p - ft IB ft , - IS £ ^ < (D m & £ *5 ^ T ffi * © 7* - ^ b - h <D - « ft IB ft <fc 
[ 0 0 5 0 ] 

£ ( 7 ) t^snftj:?ic, § n * * n /c b y ^ ;i/ x h u - a cd n a w ft s n r a , £ 

(7) <D»?^cDH? "k" ti^T^ShftiH, ^n^S^^n/c^^cDX-r-b" 
tft#t5„ fitffi^HJftWSSNRtt, ft tJ £ n ^ * tl b y ^ ;!/ X h V ~ A £ ft b T 
g fiic * tl , fLTSt^t^HSIlWftSNRtt, ft % £ B ^ * tl b y ^ )]/ X h U - A £ 
ft b X it A * tl § o 

[ 0 0 5 1 ] 

Si?nftttl*Iit8ftftt, r ' - # b - h (D ^ - ft IB fS , ^tiScDH^Wft 50 
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S N R s tt#Lt> IS§7yf ttte^tSfl?nftf-3fX h 'j - A £ M L T ffl 

hogf}its4?n§siitt^fe§ 0 f * ft % , *fefiE^7*-^u-h*wr«7*-^ 

A^, IttBiSnSo 
[ 0 0 5 2 ] 

m m 2 ft s nj tt # & s 0 sat, s c 7 ) tg^nfti?^ ?itsi?nft->yi 10 

;l/ X h y - A tt , i5ffi^Hi»WftSNR s*lil, * L T £ U ffi 4 t\ - i/ r -f JU 
SSfttS^S. Il> X r - S> k £ it 3 ^ ^ A - r -f J« 14 > ( N R - N T + k ) ii 
br-^AfenSRDIBtt^ftSo 3 6 x ^ JH £ B £ * ft ft > # ;l/ x h y - A 5 © 7* n 

© M 2 ft ft y y ;K ;p x h u-AcDHJ&W&s n r s £j&W*#*.«e:i:tfHrilB , T*fc«o 

¥ ffi £ B £ * ft ft i/ y & )]/ x h y - a £ a -r s -f ' - # y - h i± , c o i ? 1 1 t <:n 5 o 

y y # ;!/ X h y - A CD B £ fc a 5t ft * 51 i?Sc T S ft 46 id , * L T €1 T* H £ * ft ft y y ;!/ 

xh'j-Atfe»8i7-e» ( e p ) $j * * gij s ? m l < a m m -r % ft 46 £ 1 s? * ft 
s rT &6 tt # & s o i2t, m T? s * * ft ft y y # ;i/ x h y - a # , i^^iawssN 

Rs*gJsET?#SRT&itttf&-3Tt>, J;D7C^&X^?h;I/M£^#-h-r3ft46£Jt 20 

/£ * ft s © T? ft a\ % t? B £ * ft ft y y # )i x h y - a i± , i7-tSLtj;DliSl 

[ 0 0 5 3 ] 

# - h -T 3 ft 46 £ & g * ft /h © £ ft * ft ft S N R * $ T 3 ft 46 , Sb< li ( 2 ) F/r S © 
£ ft * ft ft S N RtStS^X htt ffe% m JSR 3 X ^ * h ;b $J * © IB ft £ & 5£ -T 3 ft 46 £ 

[ 0 0 5 4 ] 

B3tt, PiT S © 7* - ^ U - h © -fe 7 h * +J- # - h T % ft 46 £ ^ S * ft /h €> S ft * ft ft S 30 
NR£r$5£-r3ft46<D7°n-t?X3 0 0 Oltf I©7n-gt£5„ dtD-r-^l^-h© 
t'yMi, k = 1 , 2, . . . N T t S t t , ir k } tLtl^n, L T r , ^r 2 
. . . ^ r N T £S:^J;5 tllStM^eSo f {r k } ^©-r-Xb-htt, N T 

(omm 7 y -r -t t> mm z n & ^ % n T of-n h'j-itsLT«ffl«n8^*u» 

[ 0 0 5 5 ] 

ft C 46 £ , -fe y h { r k } iff?)#f-^-h (iL< BX^^ 
t?SflilCfe^TSt?nS S N R^, ^ S * ft 3 (Xf77'3 1 2 ) o d ft f± , <^ S 

-©r-^xhy-A^, { 1 , N R 1 W-Xts^7Z^il (S IMO) f t*;^g*L 
T^fH^ft, f Lt!fS0gW©PER (^iJAttft 1%PER) tSLT?5tftl^tl 
So f-^U-h r k *WtSf-^Xhy-AlcSLT^S&SNRtt, SNR r e q 

(r k ) HTi?tl§, N T ©*JI4SNR sOt7 Hi, N T ©f-^X h 'J-At 
MLTXf7 7°3 1 2£*^Tl5h* 0 

[ 0 0 5 6 ] 

-t?>yh lr k } iff?)N T (Df-^lz-Ftt, SWOP E R*I«tSftl6(c (^JAttft 
;l/ y ^ 7 y 7 r - f )]/ ft* St 46 ft 3 J; 5 £ ) Sfl«tfe^TSS^nftN T © S N R s 
i: M 1 f\T tt ft S o CftP>©N T Cf-^-Ki^ S (7) £ ^ * ft ft «fc o £ , SfSS 50 
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© g ft S N R s tf*fjST3H2Sl$ft S N Rtl5gL< f± T V & § © "Z? & ft «\ -fe 7 
h 1 r k } ffOf-^lz-Ki, tftf-hSftS^tT'&SfcWWSftSolSjfcWlCft N 
t OMSSNRsli, 7* - £ U - h fc ft L T 7° D 7 h £ ft S fig 14 0 , fg 1 CD IS £ 
<£ T - ft £ IS ft S 0 Ht, N T OiaWftSNR s t, f-? I/- Heabt^D 
vM£ft«HMBtttf*D, J fLT»2©*K:,fc-3 , r-iHfcl|gfcfftSo S l © II © if © Sfl » 
fe H 2 © IS © ± 73 £ ft ^ © t? & ft fcf > -fe 7 h I r k } ^©r-^l'-hfcft * © If , V & 
-h«ft*^#*e»*i:flIWf*ft* 0 

[ 0 0 5 7 ] 10 

0t S © 7* - * 1-- - h £ ft t S v - s? y » , t* - * 1-- - McBBTSHaSWft S N R i: ft B 

aSNRtCSOitLTSSJnSnJSitttf^S, ft ft ft ^ , ma r g i n ( k ) = S 
N R e r r (r k )-SNR req ( r k ) T~ & S 0 # x - ^ - Mc ft IT S V - y y ^ 
■if n ± t? & ft IS , -fe 7 h I r k } ^f-Jlz-K, -9" * - h * ft 3 ^ # t? & S il ¥ U 

Ht * ft S o 
[ 0 0 5 8 ] 

f-nMJ-AtitSfaWSSNRtt, Si^nftSNRtttSL, ?LT3 ( 
7 ) £ ^ * ft ft <fc 5 £ > SiShftS N Ri!)^iaj*n5Rritt)!i , »«. -fe 7 h I r k } 

© N T © 7* - £ U - h % -9" # - h T S ft 46 £ ft S ft ft /h © S ft * ft ft S N R ti , 'p ft < 
Hl«f-3f N Rt|L<45 ( ft ft ft % , irnv-^ytfe§) H 20 

aWftSNRteiibtftSSI^nftSNRTfeSo tvh { r k } tfi £ ^ S ft ft M 
*fi4f-^U-Hcft#LT, ( -if d © ) ft /h © v - y y fi , -fey h t © ffi I © N T © 

[ 0 0 5 9 ] 

SlOHDiSLtSLT, ft © "? - y y fi , ft If £ H 4 * ft ft r - £ X h U - A £ «fc 

•^Tii^^fts^ffi^-r^o ht, of-yniiia, n T ttgjns c -r ft ft 

% , A = N T ) ( X r 7 7° 3 1 4 ) o Af B©I4^nf;f-^X h 'J-Atit^I^ 
W ft S N R fi , ^ © & , ?0*Sl4SNRlc|L<|J?tl5 ( ft ft ft , SNR e f f 

(A) = SNR r e q (A) ) (Xf 77"3 1 6) „ S fH 2 ft ft S N R & , & £ , £ (7 
) ^rtfflLT, ISiCBiJnftf-nh'J-AtStSSNRe f f (A) © j| fjj 30 
99ftSNR£ItJ^TS£?n« ( X r 7 7° 3 1 8 ) 0 1 = N T ©l^tl 1 ©l») 
tfftft S fH 2 ft ft S N R {± , k = N x LtS (7) ffl LT^S^nS Wlft^ 

W„ Cft {± , ?LTttT©i 9 t S ^ ti 5 sf It 14 ^ $ 5 : 

SNR r x = N T ' SNR e f f ( N T ) £ ( 8 ) 

#^D©T-^XhU-A©H^WftSNRti, fO«, X f 7 7° 3 1 8 £ *5 ^ T ff * * 
ft ft S ff 2 ft ft S N R & k = 1 , 2, . . . N T - ltSLT, £(7)£rf$ffl-r£C: 
^tlo'^TiJS^nS (Xf 7 7*3 2 0 ) , N T N RC-by Ki, N T © 

7* - £ X h 'J-AtjPtLTXf 7 7°3 2 Ot ioTlieilSo 

[ 0 0 6 0 ] 

■fe 7 h I r k } (fC^f-^lz-FtSLT^SSSNRii, * © % , f-?V-Hi: 40 
BB'TSISa&W&SNRfcftLTJtRSftS ( X r 7 7° 3 2 2 ) 0 -fe 7 h { r k } tfi © 7* - 
£ U - h ftft X r 7 7° 3 1 8ICfe^T^g^n/cfi?nfeSNRtj;^Tt#-h?n 
S ft 5 ft © $ ^ ftft 35? £ ft * ft S ( X r 7 7° 3 2 4 ) o f? £ > N T ©ft-^y-h©^ft 
^ ft £ ft L T ft g ft S N R ft , fOf-^I/ - htlt^ia^&S N RJ; !)/>?^gL 
< a H L ^ © ft h ft fcf , -fe 7 h 1 r k } ifif?)f-?l/-M^ 58fi!£ftft S N Rti-^T 
^■^-h^ftS^ffPftSfcWBfSft, ^LTlSS^g^^ftS ( X r 7 7° 3 2 6 ) 0 * 

ft « ^. {± , n t ©f-^i/-h©^fn*M-9t't, x-^y-htwrsn^WftsN 

R^ffi^?.©ftfefta\ -fe 7 h { r k } ^©x-^y-h(i, SiStlft S N R£ i ^ T 
h ShS'tS'Pft^fcfJIfSnS. COS'&tH:, SRAtt, S '> ft S ( ft ft ft ^ 
, A = A- l,-?-©|ga, S20iDgL£MLTA=N I - 1) ( X r 7 7° 3 2 8 ) 0 50 
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ft © If X ft 7 7° 3 1 6tI^T, f/h© i>' y ^ 2 S g ^ ^ it t J 
ftftr-£Xhy-A£ftLT)iJ$2ftft£ft3igS©T'Tft ft 7 h 1 r k } tfi © 7* - # 

is - h £ §i -r s n r s © ft 7 h^-^^-r^o & s £ js u t •? * 3 /£ ^ < <om 

Dgltf, Xf7 7° 3 2 6 £ *J ^ T fiic * a ^ * ft S S t? H M 2 ft 3 Rl f4 ft 3 0 fiSc #J 
© a ft £ IS * t L T ft § S « £ ft L T X ft 7 7° 3 1 8 £feV>TS!gSnfeSi*nft S N 
R f± , * © ft , ft 7 h I r k } © 7* - 5 ft - h * ft ft - h ft S ft 46 £ & g ft ft /[> © S ft 
2ftftSNRT?ft£ 0 
[ 0 0 6 1 ] 

B3t^?nf;7°ntX(i, F/r S © r ' - # ft - h © ft 7 h p)t /£ © S ft 2 ft ft S N R £ 
«fc -p T ft ft - h * ft 3 ft g ft % m S ft S ft 46 £ fe f£ ffl * ft S RJ f& 14 ft ft S o C © S ft * ft 10 
f; S N R (ft ^^Iz-f^y^SNR, SNR 0 p , £ ft JS ft 3 F§ftl4 ft ft 3 0 SNR 0 
p » , S ff « £ ft' ft 3 ft t§ g l < It ft ffl 2 ft ft (LiftiFWC'$5£>g(±&^) § ft 2 
ft ft S N R T» ft 3 ^ HE ft ft ft 3 o *^l/-fft^SNR(i, § (H « £ ft ft S II $J £ X -ft 
^ T $ S 2 ft 3 nJ" t£ 14 fts ft tft Sii£MSiWk:^*5n«Rlitt)!l'S8, *8^ti, ft 

^l/-T-f yftS N Rift jgfHlIftjS^ftStftS^ftSM I MOft-vftft©JS/£fCt?ft 
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1, 2, . . . N T £ftLTS(7)£ft£fflLT$^2ft3 ( X ft 7 7° 3 2 0 ) „ N T © 
H3%WftSNR©ft7 b lis N T ©ft-£XhU-A£ftLTXft7 7° 3 2 0 £ *J V T If 
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SNR eff (1) = 3/ 8 • SNR r , , III ffitjifLT, gb< H 
SNR e ff (1)=SNR 



r x > ^ 'i 

r x - 4 . 3dB=l. 9 d B , 
[ 0 0 7 0 ] 

fll 2 & tf 3 tc 4 x S) ft S c T5f-^-McSt^-^yt, R£«n^ m 1 
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2tlftSNRIi, SNR r e q (1) IcI^^T^g^n, fLT6. 2dBJ;^t< 

[ 0 0 7 3 ] 

S2(7)p-bt7 MC^LT, ^ ft ^ ft , 4/3Rff5/3bps/HzOX^n/l/ 30 
M*lt^f-nHJ-A lRff2}LSLTiS6SNR(^ H 4 £> 7° n y h 4 1 4 

ft tf 4 1 6*ffifflLT&S3ftS^&itttf*!K fi(T©ID?*a : 
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^ T , l o cd fS 7 y r 6 cd ft y # ;!/ , £ M ft ft =F P I [ J Bfc S ft « cd # X ft - ft' £ 
33 ^ T ^ ffi 2 ft S rJ f& 14 ^ & D , ?LT#f-nF'J-A(t fl[ ft CD X r - ft e. fft tH 
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T N T © 7* - # X F U - A £ ft L T #> £ $ S * ft S li 14 ft S „ -fey F tf © § H 3% W 

Ii14^ft3§ at^X^? F;l/5%^fcft 7©ff, ^^?ns„ Cftfcft X-^F;Fa*£ 
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ifiiii^S, EOP-HryHi, 3fgO$f«nftSNR(<:W , rsi#OX^i'h;VSfi 
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Mcommzz-yx. mtamm^-T-y v^y—^m^^^Mz^x^m^ixtz^ 

[ 0008 ] 
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;^vhX7-l/-b (PER) SayR-rSii:**"]^^^. jSfJ^^'y hX5- 
[0009] 

*%sj£7)«^ wffifltfc «fc SgtBBRRfci * fzlimz «fc 0 PffltctM^ftT ^ * . 

[0010] 
[0011] 
[0012] 

i: «t-^ i— m*. m&ptf-v wamT& fzwzwiRztifzmm^- k t «t 

=E- H £r? y bD-^tl, i fc 1~ J: }*j£t>rtg-e&& . 
[0013] 

Iltl N c M (ZZXN C <\X*fo&) COM&\j"Y *Mztt~t &m>l>— TV— 

hu-)v*^-th-?)v^* *)vmmi'X'rM.i o oiztiif&miwmi i o tsft*i 5 

trrft*. ^yyy^sumtowc. ssfsnii 1 oiir^-fex^vhT^o. Sfim 
1 5 0 (±^--ifs*r & 0 . micommvy? i4 8ij^yy>? (-r&^iiuy? 

) m2£OiMftU>'^ 1 5 2itT vTV y? (-T^^iSU y? ) T**. T'V~T 

vy?mmiz~o\,->xiz, mmmi 1 oiii— ffsBstrc&o, sftui 5o<iT?-b-xtf--f 

y f- 9 , II 1 & £ Vffi 2 «5ift u y ? \± ztiZ'tiT ••/ y° u y 7 £ i. x/r t> y u y ? T" 

[0014] 

iHM^l 1 OdiSlvf, jHft(TX) f-^7n-fe7f 1 2 0(iN c |^f-^^h U 
— ASrSlfii"& ( N c fl^M^J^ £0 £ lfOXMJ- A) . 

ayhv—Mzk^X^Zit. ^itX^—Mmmt^y Vu~Mzj:^X^ti. SE 
Ifilxdf— A^IDny ho— yW^i-oT^^fiT^So dit^ny hn— ;Winy bn 

[0015] 
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4Xh V-J±ZMi%~t&* TXf-?7n-b7tl 2 0(iN c fflcO-f'-^X h 'J-AtN 
c »riy>*'/M f 'J-A^^ffi-^^,, -ttTMfi^^-- 1 / h (TMTR) 122IJ 

„ Mxtf. Iflli - >y M 2 2 13 O F D M yXf AtSt ^ O F D M»I, MIMOy 
X'rAiZM-t^fSWm. ttzlt ( OFDMSrflJffl-T&M I MOyXf At'&l. ) MIM 
O-OFDMyXf^ £*t?" & ^ratS ± V O F D M %m<V^Jj £ H^f "TlgT S> & „ AMn 

^Miyy^ 1 4 8^^-LTSfiffii 5otiiMss^*. jBi<©afti;y^ i4 8ti#sg 

Jnffittefe<f^x3M» (AWGN) tsiv (2) ^£±oTttffi<0SH3ll;fr6o=F8*fc: 

[0016] 

ix s #T>"r-?-^^O^im^-(i^fiti^---y b (RCVR) l 6 0KSffi3:fi£. £® 

is^- >y h 1 6 ois*ag^#*i»tiJ:T/'r-f s^/wtu nm-h^ynvx V u - 

A *fl«J---y h 1 6 0<i$£>£. ilftftx- -y F 1 2 2{Cj:-5tl|ff§il 

I?) -I) o 

[0017] 

&^T'SfffiS (RX) f-^7n-fe7ti 6 2(1 N c fflcoma^y^W^MJ— 

[0018] 

■v */Pf 'MJtSfc «fc tf*#4MR N 0 «tSE* if^^T^T t> i ^ . Sfl* 1 5 0 $ 
ti&&g7vT?$>&WM4Mkn 0 ti* *-y*/HKF. SflfHHSSim, ^iWffi03Mm 

[0019] 

ilifa^E— F (TM) jMMffl 6 6ii, ^*/M£5SSffl 6 4frt><7)^Z-)Vffi£t . % 
^tl-)tttRXf-^7n-b7tl 6 2*^W^>y NX^f— ^Xfc i.X/Xt JtJix 3 

[0020] 

3ybn-7l 7 0li, N c ffl^»KiHfi^-h'TMl^A,TMN c £3Mff ^E- FStK 
ill 6 6t5>£>. n-^v bXf-n^RXf-^Tnt'ytl 6 2 (HtS^-T) J&^Sfl 

tSo 1 7 0li7^ — h'A.y?fiff6£SMfii$i l ocr-fey/oy/ 
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ht=*fr*1t5WWEiS (ack) fciv/i/diSgflM (na 

wig{±m2toafiuy^ 1 5 2£tf-LTi*fitiii 1 otcis^iii> 0 mmrni 1 01^^- 

SfT5. Wi.Bf s &@NU 1011 N c Htf>#Sf-f-**Jl/ca®lil 5 0CI^N C 

- * £ j)S 1 cDilfl ';y^l4 8tJ;-5t -9"*°- h $ iVO > 5 JK»Ol£5£T"j*fi^t;rl 4 
[0021] 

- f (iMfss 1 1 ot,zm , omzti&. wcommmiz&ux . ^^^m&xt/mm^ 
1 1 oiz^-oxn^titzmcommizm^^xmsmi 1 o^i^x, fc*wa < 2 ) 

«1 1 O fcSftHl 5 OWjSttrtCioTStfrSfl.T t 
[0022] 

H2(i. ^hSP;i~T2 2 0 traMLTt!jfW-4p < oSB;u-T2 1 O^X/CV^H/t— T 
l/-h3ybo-;Hi2 O OO^ft®^7'n>y ?EI£^LTi->4, fB8i?fc:-f4fc#>fc: 
s fc/;* 1^0M?iJf-^*/Px<7)|*lgP/l'— 72 1 OH if^f-gB/l— 72 2 0<Ol!l"f££El2 £ 

TS>4. 
[0023] 

^ft£L, f-^*/Hfld£ (Mill f-^^ffJ#«^lWB^7nr«S) £»14 

. mm*- vmmm 1 6 6 x f*kosijrs§ 1 74(4. ( 1 > f-v^/i^ts«i 6 4xk« 

f-V 2:, (2) p q pMS?e§I1 7 2*»^COM5!lf- f ^x»SNR^7-fe7 bfcl 

t//S JttiiMfS ^E- HPISh ££-?V . $mi-r *J\sx<D&iM%tltl S N R£tf-fi/14 
. BJSIt-TS^fc:. SflSNRte, f-v*/l4tS»l 6 4xti-jTM»l 7 4t« 

iHfl^E-TO. n>FD-7l 7 0lcJ:oTmmti(^4.^7^-F^'.y^ffi$g^S 
*rti^4. jaflHSCiJivt, 1 3 Oti^Jf-v^xwSSCMflt-K^S 

fit. M^Jf-^/PxO^-^-K W^fc&J:J^^3ybn^£WKIrr4<, 
tf-^tiTXf-^7n-fe7tl 2 0 xtl-?T iti^c03>- ha- MZ§£~oX%!M% 
*U $ ^>fP7 b>-y tftVhZ J; -5 T <S-Wk£ tl , -y M 2 2 xtcl-> 

» («i.tf, x-^jaBtttJitf-r-^SSa*) . fci^lifiW, M13V >?0>SMVm 

[0024] 

*/l^x to rt3^-72 1 0<7)i&#£|)t|fi-r4<, M^J^^^xCOSff-r— ^ i^yj^;W±R 
Xf-^7D-fe7tl 6 2xfcioTA!La§fl., M^Jf-^*/l-x<?>g.gfiy^.y h^Xf 
-^xfcj;y;/i«i:f3-^ h V fxiigaaggSli l 7 2 ^tgfitSiiS . f3-^ 

hU^A{±. Itffy>-*';kX7-l/-h (SER) . SW^"fb«U^hU^X. (B 
^^■f^—y'izM-tl) iEYamamoto^h'J^X, felt*' (5'-*T3-j''tM 
-14) 8t*Ht'tr>y r-«h'>y hOft/htJtJiT^^ 3 *it (average log-likelihood 
ratio) (LLR) =5r if Sr^TV^T i J: V>. Bff-f^S E Rii. ffifJ-~7M6 0^ 
h^m^yftll-b. RXf-^7o-fe7tl 6 2*^coa-§"'fb'r-^*Ma-14 (Wi. 
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[0025] 

* >f TtfOWfgSr^ft-ri. £ 2: « . M;U±\ jWR/l—T 2 2 0 fett^f-v^r 

t> i 7 6tcffif4t§^T. *ivcr>mt^~Y*mm-&tzwzmmi£ti& « m-o 
f-v^rhtcMft^-Fiiss^sfjtnrtgT-fc^. i^^sstioT, flaw-— T210 

tfSSB*— KWSEtt. F*|gfl/k- T2 1 O^lMP^ayha— ;i^r4fc«)tf52owlW!T& 
h . ?hgP;P— 72 2 0(i£fc, ftgp/l-— 72 l o [zm<09A yco^mZM&i- & i. o fctft 

mvtt h . ^f-a^-7 2 2 0 * ^arc- s n r =t 7 f i £ tiiifre - f 

[0026] 

- Ffi. IgM^Jf-^^-C'SftS^-f'-^x F y -At^t LTtfc£ti£:JX3t^7-y bX7 

LTffiffl-r-g.^ ) #a^ 7 mi y^. y h^"iEt<a^-fti$n^^M^Ta^-ftsnjt3& 1 

fcSBWj&opW^fc^Sx^Hftffiri-K (fffittf, jWEJI^i-y? (CRO rj- 

F (PER) l&PER) tHatT^Tt>«tV\ ,R,HBJ££§ 1 7 2 tiM^J-f -V 

*7Fxc7)#gfly^-y FOX-f- ?*iiJ:ti f SISPER£gfIU * ^fcJtE tTM^H-v 
^;kxCOSNR^"7-fe>y F£i$St~&<, MMft*;l'X<0SNR)j-7-t7 Fii. 

Utf-tfX&fijFSr^v FrttADN^itfi&^U T&y^-y F-Ti^AUP^filttM 
SnLTkJ:<. ADNfeit^'AUPii. BitP E R fc , J^P— T<3J5f3JEWISIi: 

SPWfc. n D n®S5£#§l 7 2(1 flflj;i{£y^-y hx?- xb**M^Jf-v^;PxT«iaj 

fctfTS*. n a pS«>t#ffl 7 2*»6<0SNR3r7-fev Ffc it^/ifcliSMI KKSEJi 
[0027] 

Sf2 0HfflBBSS^l->-Cs MMf-v ^-^r'ttOSNR^-^-fe-y Ffc it^/S^iillfi* 

eyfx—yj* b v txzmm lx. mm^^^vx^m^titz^-^mim^mm^ 
^i±jnm^- Fii-ttitje fcwst-fa £ t s . 

[0028] 
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^X-fA(3. S^lCTSSfxT^SJ:^) 1 -fe ■/ FcOMfl^- F£^f 

;K-FWe £ fc l 9. #-9-*-F§ftT^Si!fr£-F'fi:. BHP ERSrjgjjWSfcftfcJH 

f JBf-T Sit * s T' § . £ fU2#M^ A* x CO^ft SNRt-iSSNRt co^mxh h . 
M?iJf^^x«SNR?-y *C $> & , M5"J^ -V x c^Mfl^E — F(ii£t;{£ 

[0029] 

IM^Ift^/W'V^.y h^)i«®*§[&jaiUfe*»* (*H^-yhj&»6<Z>») ¥Wr 
[0030] 

I*-- FTSfrfFfS. fflifcf. ?hg|i^-rtcJ;§SNR^7-fe-7hc?3tll|K{4#iS:«Sfl^ 0 ^ 
J|W5afc(tr^7*-^U-ht>Htr4it:3&*T&&. tot, *«^«RtttiJ:tq»ft35r 

[0031] 

TN C fI<7)M^[|^ t^K'N c H<7)x— F U — AgriSfaf STa-trX 3 0 0«7n- 
H£tSLTV»&„ ra«3 0 0(i H 1 fe itf2 fc^Sftt^S i 3 fc^3E|«r^TfcS 

(Xf773 12). JfcWCSiSWi. N c «W&^f-**A^#*<Oi8e*— IS 

* O S N 7 -fe >y F *j ± fcfcBSfc*- FHfi^-t-A/CV t J: V \ iUfi*- F M 

F^-f-FVN'^fiffBk LTS*fUiKi£& (Xf7/3 16) . 
[0032] 

U— A*8r^ffc£sJ:tOTIL, N c «9^tls|^>-;tf/FX F U— A*SMW"4 (^f?T3 
2 2). &WCjMfIf8{±N c *9M?iJ^- */K'N c fIO^!I^>";tf/kX F 
U 5«flW3S«TS (Xf 77324) . 
[0033] 

fflwEiau^jtf/kXHJ-Afcfci (Xf7733 2) . SHS«(a$S»fc:, N c flMIjK 

jHfi^E:— FCfotNc ffl^HI^v-y^'/FXF!;— A£M3U N c »tfjtf-^^ 
F'J-A£f#& (XT77334) . Sfg*M±4fc, WiHf^^-y FXf— f3- 
^ F y?A&it^flSNR&fclcS-?VvCN c ffl^M^J^ ^;^#^TSff S^X7t 

r-^iMficoa©Sr«^S (Xf7/336) . ^^-C'SflSti. N c ««ifeJ0^* 
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r<?D— US fc § ftT t J: < . ^tXf77332H338 ttfl^P— T tf>— SB t A & 
[0034] 

ffl<30M5![f-^^c?D#^rgfi ^tltz'T—V^drv h<DXJ—¥ Xfim^ti, ISM^J^^r 

7412), N c KMMft^^^^fn- ^ hV ?Xl>£?z%t>tL, l£M£'J^ 
t^SNR^7^7 hfiitf/ifcMt^^— ( 

Xf77°4 14) 0 N c ^M^Jf-^^;^#^^ffSNRfci^M^^^rfctC 

am^— K^IBS-rS3t»fc:ffifflStLTt> ±^ (^f 7 74 16). ^SM^— Tfi. 

# ®50SfH;r i ^T. 04 fiT ^ S ^ 7^ 5^^01^^/t(i^ii^ offl^jb 

[0035] 

Mi.il <rft£><!Dft*W\ TDMyXfA, FDMyXf^, OFDM|yXf 
A. M I MO y^f ± VO F D M S jffjfflti M I MOyXfA (^fcfeM I MO- 

[ 0036 ] 
[ 0037 ] 

mm^imTh o . -^«^n c ^n s b t**. n c fflcojyfl^^*;i^#^(iioj^ 

[ 0038 ] 

O F D MyXf i^iiO F D M ^ ffiffl L t , ^yXf^fi^li^ (N F fflCO) itt^if 

CO*^N c ^N F N c ffl<^M#l?^*/Mi. lolJJLbO^y^SVF^Nc ffl^x 
ayn^fyH7 b^ioTM^ixTl^e N c fim-y Hi. {RKfcofci: LT t> 
N F fH^7^S>K(7)#^^^lffl(50^>y b (ft^THWift^) tWOST 
^ixT US^Cfc l^fayH^btfcSo OFDM yXfAli FDM >-X^A^# 

[0039] 

MIMOyXfAit (N T ffl^) SflT ^^fcJIStf) (N R ffl<9) gflT> 

X^^X-^}Mfi^fflV\ (N T , N R ) ^Xr-Afc^SfLTV^o N T »if7yf 

tfl6fflnrflB=3:N s ffl^SISf-^ £3:9. <r<?)%£-N s i n {N T , N R } Tfo 

zmtvfrimt. n t MnmmT>Ti-bN R im%mT>Ti-m&}m$:Mm^- 
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[0040] 

M I MO-OFDMyXfAil N F fflcOlf^Ay K<?Q#^ N s MCO^TS^^^ 

;^#-<f{± lojy,_hco-^yvs> F<^) i otLbcoSraf-^*^ (^^bfeSraf-^/l/fc^ 

y/^yVcom^h't) &^A/C^T£>J:l^ MIMOfci^MIMO-OFDMWf 
AtO^T, N c ffl<^M3*J^^Mi*^ 

coSft T >"r^ f: Mil LT V fc J: V ^ 
[0041] 

M I MOfc it/M I MO-OFDMyXfAtlOUT, t"— ^ ^B^^JSrCN s flf<7) 

ffilSr^^-C5Sffr*^i:36^SSo »*H^^*^««flW8 (MftCS I )^MlMO 

tlh» S I COM I MOyXfAt^l^il S^ffi^W^SfiiMBSf-^^JC 

[0042] 

^^T^ffl§^TV^ffl;^-T^-br?ybn-;W4. ja8BR*WH»l (frequency div 
ision duplex) (FDD) i^xA^t^m^fflMI (TDD) y^fACtftMt^ 
TfcSo TDDyXfACo^tii P^yV y? b T 7 7°<J ^^IrH (Ajasaft^ K 

bCI^'^TiCTtraSo FDDyXfACo^til br^V 

-t&Zbtf*fo&. Vy^^bco^^SSSit. WJy7r^m$ii&UuyhlzMr$ 

[ 0043 ] 

Bl/U— 71/- brjyhn— ;M$*tiStfrCS I MiMOyXf AfcM^cs I 

[0044] 

H/^Ti/^f^y hnwW^, ^CS I TDD mimo-ofdm 
y^fAti^W^ff^^IIyXfA^i^j; DPW-tftW^&o Wilt 

;p & fi^L L i 3 t f 4 C o u X izmm *T £ . 

[0045] 

I . TDD M I MO-OFDMyXfA 

05(4. i«^JL— IfJB* (UT) 5 2 0cr)mm%V-*°-h^&m*lcr)T7^X#-( y 
h (AP) 5 10jftSiSWTDD M I MO-OFDMyXf A 5 0 0 SttkLT^ 
ttaifcrfS 2^T?tXWyF5 1 Oai3±tf5 1 0b^&B5tS 

LT^S. T^XTtf-f yhtetfz, SiftiS. <-Xb7yy-AyXfA, KB* 
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r &mm. jL-if»ss (ue), mmm&tiimnmm'vikztLXhJz^ 

oteT^-Xtf^ y h 5 1 otSBKUTtsO. ztLt><nT?<kx#4 >h<n9UB$tTfi3 

[0046] 

06(4. TDD MIMO-OFDM yXf A 5 0 0 Mt»BW7 P^Aiig 

(MiW2SU#) tatfe. «-TDD7i/-A!i^yyy;fiffit777 o y^fift 

, /O^K^bft^ (BCH) . 7tV^^ybO^/l/ff^ (FCCH) 

/W4y^-x^*/P (rch) feiV5^Ar?-bxf^^ (rach) S-ftX-c 

Mo 

[0047] 

yV>V>?ffliaiZ&\i*X, BCH-b^yb6 1 0£ffifflLTl^BCH7Pb3 
v F ( P D U ) 6 12 £3MfI^&^\ £ftt4«]»^M n 7 b614, MIM 
OAMD7 r 6 1 6*3 il/BCH^ y-fe— >?6 1 8^T^5 e Sli^M O Fi4^:T 

SB*tfei4. FCCH^yb62 OSrffifflLT lo^FCCH PDUfciSfi^i 

iWi^yy y?fcj:^777 o u 'jy-x^m (M£Jf. ^yyy^fc 

it/Tv/'jy^coSJKili^n ^-^S*^0^^U>-^i:^fei.So FCH 
-b/^yh6 3 OSffifflUT^yU y^T*loiy.±tfOFCH PDU6 3 2 ^ft^S 
o i^^-i7^FCH PDU^anTffiTfcio 0"R(f. FCH PDU6 3 2a{± 
X^rT - ^ (steered reference) 6 34 at 7* — ^ v^^r 7 f 6 3 

6 a fc *3 . FCH P D U 6 3 2 b tif-^^ 7 f 6 3 6 b^^^^t^ 

[ 0048 ] 

T^TU>-^f4ffltJoV^T(i. RCHWyh64 0JffifflLT777yy?tl^ 
BLtfiORCH PDU64 2^ilfrr^ 0 l^^O^RCH PDUt>4fc^RTiB 
T&5o Mi. If. RCH PDU642 ai4x— $rt*T»/ h 6 4 6 a<7)#£#X/Cfc 0 . 
RCH PDU642b t4Xf*T- FS*6 4 4 b t ^f^J^jr y F 6 4 6 b fc Sr^XT 
US, RACH-b^yh6 5 0Sa-fJB*j^ffifflU, yXf^t7^tXL, 
7 0| jy^ty3^f/i7^ylIS, RACH PDU652liRACH^yh6 
5 OT'3im^T'fe0. ^P7h (M£t£*xT— h***) 6 54^7t-y656 

[0049] 
[0050] 

1 . msmrn 

fcj:<. ^0«^K(4^aa^Vs>F^^vF (M£ifK = { 1, ■ ■ ■ N F } ) 

ui^o K^rjaasaR^^yKS^rfSTDD m i mo-ofdm^t At^^-cii 
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*>, h (k) *\ ^vs>Fkcoryx^r^-A*^ry^rix-B^.of--r^jsB 

^fi^iJ2r^LT^ fflRf-^^/Hi. 71/-Bi^71/-A^fi^'H T (k) 

(d-ITAJ 14 AOteBTfe 6 ) tcJ;o-C J f^^ixl>-i:S:^iiStTV>§ 0 
[0051] 

aj-r i. tz to tffiffl-r s aiEft^ij * % t tz to t8oE* mi lx i> x ^ . znt> emEXfm t 

j:-?T, iWB5fcfcH.6#i« r «uE3?<^j r^yJ^^^-v^/l-iE^iic d n (k) 14 
s r^-bX^-f >-htM^ttS r «uE3^J ryT'Jy^f+^/WiiglL u p (k) CO 
WMTi>*). t^MkeKt^l, ia^iic d n (k)=H_T cup (k)T**. IB 

[0052] 

yiyyVyflZ&^^T . M I MOaM n>y H4 (Mi.H'BCH-fe^yh 6 1 ot&ft 
■3:3rtSQE8f»^VU>^f-+*;WBiSH: c d n (k) Wftg^^tmi.. jl 

— if**i±, aoEar»rv7 , u>'^f-v*;wssF*ir: c „ p <k) =it t c d n < k ) 
tffigsiirp** . j.— ^'S*{4^7-a> k k rt tir c u p ( k > eo^iiffi^jfiw 

[gel] 

S cnp (*) - (k)t{k)±l (k) , far * e * 

[0053] 

IT. P (k){4 s ir cup (k)^@t^HW(N ap xN iP )a 
-^yfjWt*^ 2~ (k) HT C u p (k) commmco (N. p XN U t ) *ffc?f 
r ut <k)!4 s ir c u P (k)tf>tfffir^NM)(N Bt XN ut )a 

-^y^JT-^o. a h (4. Aco^feaf* o , N a p (4 % r^-trx^yiwryf 

[0054] 

Hcdn (*) = Y w (Ar)i(A)U^, (*) , for k e K 
[0055] 

r« , t ( k ) fcivir* a p ( k > i4«x^;fi, ir c d n ( k > <dwm 

. *#MttfrJ5¥i4. rjBJBf^Rts it/^-iOjEM (Linear Algebra and 
Its Appl ications) j|S2JtS(T^'T ; 5'y^'7°l^X(Academic 
Press), 198030 fcfcWt, Gilbert St r a n gfcl X ^XWPRZ 

[0056] 

toC ( i ) aztf (2) (cj^SfLTv^iate, — *oy y?<ntE&£x/&ffig'<.7 t 

fr^UT. p (k) tij:t/v A u t (k) (4, awi^tocr^tx^^f ybfciy'a 
— If tfi^Mz =fc->T Zti^timsmffiX-fo 0 s * «Tff & S^fc: J: o T * d t jMjj* $ ixt 
If ^4. fi^JST (k) (4. ^yvs>Hkrt^f- J r^;^^WiJiL(k) WSIH^+*/P 
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[ 0057 ] 

) rfc^sessii. (k)ic A 2 (k)i---i(j" MS (k)!iM 
j&tra o . <?~ N s < k > imA-mmim^Th^ . awsfrajz: ( k ) r t <^swats 
^ £ ft t tew § *t* . r s#«4ia*^ - k j immmz±^y s> h n-mn cr> 

#*fcowt\ a^je* (k) <?)m±mmimmitmm-fz>ht7)x*foh« K B mntm* 

[0058] 
[1*3] 

£««.(*) = , for t e # 

[0059] 

x, , , . r . m (k) li, Xf-T-KS^JE^«|lI^-Hmi7)-9-7VS'y 

, v~ u t , m (k) li, f^^Hk<^y: B t (k) c7)m#@^iK-feD. £«*§ 
bV\ t ( k ) = [ v_ A u t _ ! ( k ) v^ u t , 2 ( k ) ■ ■ • X^u t , Nut ( k ) 
] TfoK>. p (k) ttt^^ H ktI6^^ n 7 Yi^y^VXht. 
[0060] 

h Z k h . JEWJSBW^— h* ri(?)Xf7- F*tK4*;fc OFDMyV 

[0061] 

Ciic4] 

= H^(*)v^(*M*)+n^*) 

9 for k ^ K 



[ 0062 ] 

££T\ r up , sr , m (k)« s Xxr-h'ffipCOiS^^ia^-FmW^N'y 

FkflDN a p mcr>T 7 ^tjf A yhryri-x^mZfitzN a p fi«o>-y^«o<^ 

T-ftO. uTap, m (k) ii. ^^'^h'kW^iJLTa p (k) cOmSa^TfcO 

, £0#^lT a p (k) = [u:, p , ! ( k ) U_\ p , 2 ( k ) ■ ■ ■ Ul, p , N a 

p (k)]T&D. cr~ m (k) (iJtS^^H^-HmcO^VSVFkiO^MfflitS. -T 
%£>-hfin?r (k) WmSaw^mgStTfcD, n^p (k) 14, T-yTU y?eW?'* 
y Fk^MSttS-fe^Xlt-g- (AWGN) T&-g>„ 
[0063] 
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r-T—vmmitmiu^ * p . m (k) <?~ m (k) p (k) x-hh. 

m (k) $3£Vtt\ (k) d03ttr<?>itS&f|«i 4:3^*4. CfffiWE^T*— H mcoV 
7VS>KkcOc? A m (k) «;ft5gc7~ m (k) tiJaT^iafc^-fifc^SS. 
UK5] 

llr^WH^SlW.fWI 2 • for*e* and me J/ 

f=i 

[0064] 

tit. II aj Ka«2y;l/ATft^ r up , sr , m , ; ( k ) J4<? WW^u p 
, sr , m (k) i t) » Mti^itlJEWSEIW^-HO-fe'y b£fSLT 

fcO. #!l;i{£M = { 1, • ■ ■ N s } -C&So 
[0065] 

fiSHrtm^-Km^/A^KkOu^. p , m (k ) (0*t^u_ AA a P , m ( k ) li 

[86] 

CW = ?: W W/4W , for Are ^ and meM 

[0066] 

I**.,, m (k)fciy'(j^ m (k) cozMJwh li, i fife i4Jtt^^«^. r=Sr*) 

*>:x— ifS*tC J: -5T#^ti.-i>tt£u_ A a p , m (k) A m (k) tSUT^-b 

@**-Krh^fiXxT-b'^£WffcU ± OjEffiSrffiSgu^ P , m <k)ti 
iVa\ (k) Jfl.^i^tlS. 
[0067] 

















Sfif : 
£„„ (*) = t" 1 (i)Yl(A)r 


^W=t(*)s,(A) 



[ 0068 ] 

^fcWT^ry^^Lt^S, Sltfc^t, 2; i (k)(i s 2_- i (k) = 
diag(lAj ( k ) 1/(7 2 ( k ) ■ ■ ■ l/tf N s (k ) ) t LT;£jS$tl£>tf 
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[0069] 

S4. frflJUTa p ( k ) <5DN g P , m (k ) 1&&¥7tVy F<W g 

mm&xzfmmv >7cr>m<7) s £-ikWMi l z£~-.>T . ^r^>Kkr^^ij_tr~ a p ( 

k ) «N S WWuTa p , m ( k ) I±ffl5tli35i&&™4^v\ 

[0070] 

r^-fe^yhtfcV^T. /S-rfriiEW^ -Km «-^7'V \>Kk CO^iE S N R ItS r a 

p . m ( k ) i±i;xr<7)X o izmtz. t h . 

[St7] 

P (A).(X 2 (£) 
(*) = — : — r: » for A: e X and meM 

■"O.ap 

[0071] 

P UP , m (k)(i, T'yTUy^tOfiv^JSiaW^— KmtTJIf^^Hk^ 

it7nTT"l>S„ 
[0072] 

( k ) i4jar<o ± a tm-i t # iv c# & . 

(Jt) = P dn, M (*) • <r m (*) f fc jjr ^ m eM 

/ Ut,»l ^ *V TIT » 

iV 0,ut 

[ 0073 ] 
[0074] 

3fc* (7) feJ:V(8) C^fltl^j:^:, #iz^^ia^-KW^^>Krfc 
^SISNR, r m (k)(i. (tf^ m (k) ifctt*^ ( k ) ~c*>h ) **r*iV$m 

, %mm^7uTN 0 s ^i^mm^p m (k) sftsNRi«^^ 

[0075] 

127(2. MiWTDD M I M O - O F D MyXf A tfcttS ^ > U V^&it^T »y 

^yuy^fcit^T^ryy^^^^^jE^ttffiS^M. -r^^^iTc u P (k) 

h a t c d n ( k ) rn-fe*7 0 0fc:ovvc, ft*;m£li^n7 

? 7 1 Ot»T§ix, iM^-m^i^n^^ 7 3 O-C^frSJu r-^Si^i/SMtt 

[ 0076 ] 
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MOA^n-y V*mwt<t> (Xf'/77 12) „ jl— *f1t&M5M I MO>U u -y F £gff 

i IWI U keKt^|>J:3 3r«J£8f ^ ^y'J^f-v */WEgrtf>J£j£ H " c d n 
(k) (Xf777 14) . i^^T-^-#ffi*«RiES^r'/rUy^-?--v^JtE 

SfciTc „ p ( k ) =iT T c d n ( k ) tigL. iT c u p ( k ) <7)#5£tt:frj$? ( S 
VD) SrHftLT. StsC ( 1 ) fc^SfLTV^i Jrd&s k e K £ J; d^T^'JS" (k 
) tSitfV:,, t ( k ) (Xf777 16). iX^-CJ-- ^ ( 3 ) £ 

jSSfLTV^«fc-3(C. keKfc&SJ:o&fr?'JV'' u t (k)£ffifflLT, (ffliJS'RA 
CH^RCHT") TvTVyfXTT— FMMiMiWt $> (Xf'yT7 18) . 7?-bX 

§ i a Srfi^'JSr ( k ) «fctAT% p ( k ) £f§& (Xf7772 0) . 
[0077] 

0) . SSfi*-KaH?(co^Tl4Ja"RR»!W-4. UCV^TJl— VSlsKi^ ^-H^< y ^flWB 
7742) „ (Xf 777 1 8T'jlfi$iX^XxT-KS2i{i:S7 , 'c^---fS*tC t J;'5TjI 

■txtfj yhcommyvTNo , a p . isiirr-yry y^f-gG/F-riffg ( ffl £ if r>y 

fflcOJEW^l**— H<50N S ffl^'g*— (Xf777 50) . T^-bX^ 

?£0N S M^JE^IW^- KC0N S {I^Sff^-K^SK-T-S. (Xf 777 52) . & 
wt\ T?-tA#JyMZ. (MH&FCCH) -?y??yVy?tiJ:TfT y TV y 9 WSL 
JjlzMWMm^— F^jUS (XT777 54) . jl— !f3g*(iMU y^SIifalfrE- F 
SrSfl-t^ (Xf777 65) . 
[0078] 

- F .T fc «f- ^ * , f M^iSEW^ - F K o SgfK § *ut - F iz M ~o X 
ttmti5 ktPMML ^ (2) mitz^kZtiXii&iolz^ r-^^^F;Ps_ d n (k) £ 

f?5!IU~* a p (k) T'STOIU keKtWi^/HI^^ n (k) 

, ( 3 ) ^'vy'J F/Pxa n ( k ) £SSfiW5 (XT77762) . i-ifS 

ml ( i ) yvyvyrmmzgisL. {2) ztit>&izmi&ik%tix^&&o(z. 

Sft<? F/Vjr^ n ( k ) - i ( k ) V~r u t ( k ) ~1&£i-7 4)V9 U >^U k 
£Kt^SJ:5Wb;ks_ A dn (k)£». (3) r^^U^lEflttSBS't-Kr 
ttjg^^tL^m^-FK^^THflyy^^fliSfcj;^*^-^^. (Xf777 6 
4) . 
[0079] 

T-yTUV^^-^Mft^o^TJi. 3.— iWB5|5i4, ( 1 ) 777yy?j£S«I1f ; E 
ts itfSSWU ( 2 ) F;^ p ( k ) Srfr^Jv: u t ( k ) T«iL, 

keKt^l. J: 3 SrSfl^:? F/Px u P (k)£». ( 3 ) F/Px^ p (k)^T-y 
rUV^T-jUfl-rS (Xf7772 2) „ 7?tX^yMl (1) T v T 'J y 7 Mf! 
^gflL, ( 2 ) F;Fji u p ( k ) tr*- i { k ) U~h a p ( k ) 

^/^yy/u, <^f;f_s; u p (3) r-yruy^iE^ia^-Frhtc 

jl^§^^I^-F^^T0fiyy^*fllii3j;^fl^b-r^ (XT777 74) 
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[0080] 
[0081] 

«8 0 0«7a-I^LTV^. 7°Q~trX8 0 0(±El7WX^-y7°7 4 0 fc 7 5 0 t 

«*4J«x^— A(c*^v^tn s HcoiEWWH^r^— Htc^ESiii (x-f-zTSl 

[0082] 

^> h cvwmxmmmh p m ( k > *i j v>-v *A*«t <? m ( k > t N ( 2 > smutch 

itSSi^^nTNo (3) m^i&mfi't—VCOSNRJ-y-k-yhtizM^^Xitg. 
ZtL& (Xf?78 16) . »ffSNR(?5tf«fc:o^TJ4flBW*. ^T'jOTJ&iMfi^ 

-r-^'/kht^'v^-CSfKSil-g. (Xf 778 18) . J0v»*£fitfirt- h'^t C93SS«7j 

(Xf 7782 2) , !8»Xf •yT«#>7t;'PV^TJ^TPffl^0H'ri» < , 
[ 0083 ] 

a. fmtmg*- Tj^aa^jg 

I8WXT778 1 2£OWt\ £jlfal;Jj P t o t a 1 itM^CDX^— A^ffiffl tX 

BMW- 4. 

[0084] 



^,=% L , for wsM 



[0085] 

a*«^IEX^-AtfcV^T. ^MftmTJPt o t . 1 r a?K(wate r-f 
illingjj r^ 7 J< (water pouring) j ^JifcS^Wt N s ffl 

wflfiKmrt-Hc^sti*. ^ammt^mmmts p 1 0 ± « 1 * n s 

j; VTfl^^riSfil (Information Theory and Reliable 
Communication) j (John Wiley and Sons, 1968 
30 tfc^TRo bert G. Ga 1 1 a ge r ),Z <£ -oXWt B M$tlX^& . N s fflcDiS 
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[0086] 

K&itAneMis&Sio&SflSNR, rm ( k ) vc , N s N F MW7^> 

K/ffl**— KK#ffi3*l4. SfSSNR. r m ( k ) it. ifc£ ( 7 ) Bit* (8) fcSS 
SirT^Siot. N s N F 1W7'a"> i^c^- ^IE$ixTV^P t 0 

-vzbcowmmmm^p' m (k) a^-c, #j£^@*^-Htfij3T^ix 

^ftT^S^jimrn^P' m (k) £MM~tZ>Zbl,z3:^xnt>ii&* 

[1*10] 

^-=£^(*) , for me M 



[0087] 

N F j@<7)-+J-7'V * >- F Ogfl SNR tacJ I iXT<7) ± d ^ftSt § . 

[Sell] 



- 2,r.(*) 

[0088] 

^ZX\ r m (k) l^l<^)|taig^tov^T±aSfLTV^J:'3t:ft*S*i4. ifcn 

s , m ^x n s ii^s^wiaw^ - f i,zftm-t& . 

[0089] 

^fij^TP" m (k) fcflRfTS. ^*^KteflL 5«iSNR(a#j£W«Hfl"*-T<« 

JErfiSEW^- F O-fTV OVo ->b</)iiMcr> 1 ocoSfl S N R ^ 1 1 \ ^JtEiff^HW* 
-Fcoioco^^^yFwgfiSNR, r- ■ m (k) (i, ifctS (7) ifcli (8) 
$fiT^Sj;-5^lo*M7if'J^-rP" m (k) ^*-?v^T¥'Jllr^-&ii:***C*S. &wc 

[0090] 
[0091] 

B. FCDif^ty F^gjJg'JST 
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[0092] 

[ftl2] 



i^,(jfc) =— a- , for k g K and m 

[0093] 
[0094] 

Ay f £#%-tc#5I3*i.T s gm«tfev^TM^Sft S N R &m&t& . JaTOMDJ 
k) tr'/T'jy?^^ (k) fcfc^U\ f-v^KteXdf— A(COV»-C. iBSft 
[R13] 



» for K, eM 

[0095] 
[»14] 

P.(*) = *V' P " » for * el and wieM 

[0096] 

iSft^x-f FW m ( k ) (ikTRO J: -5 ^JtE^EW^-Fc^y^y FrtfcfrS: 
[R15] 

W m {k)=^P m {k) > for A: el and »ieM 



[ 0097 ] 

iHm^-f FSrflOTLT, SHI»e8tf SIGHS' 
[0098] 
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[»16] 



S m 



1 Nf 

"Z 0 "™^) ' for meM 



TV 



[0099] 
[»17] 



, for m e M 



-A. 
1=1 



[0100] 

k 

[R18] 



o , 



if 



, for k eK and ;« e Jlf 



otherwise 



[0101] 
[0102] 
[ 0103 ] 

c . jsmh*^- h r k ossia*- Kan? 



#sn r^i^^e^fe- h tommmijz^Lx us. s n Rs^jEWKm^- f 

W7'^>K^^tf L^*>Sfttl.W;j:'>t 1 S*e9:fr&£.X"T>yT8 1 6|:ffil 
~t&Zt 4 . J£Tr~tf)Ri!l!C&V . S NRIify^ ( d B ) JfMiT'Jf-X. . 
[0104] 

i^BFE- FW7^y KcoSfl SNR, r m ( k ) i±MM"CJ> 4 . JxMERf^- H m 
<7)->f 7'V \>Kk co^fi SNR, r m ( k ) fiUTFcD «£ o ttHf-f 4 i k ^'T § 5 <, 
[R19] 



r m W=ioio g 



'p m (*).<x*(*) N 



10 



, for k <= A" and meM . (dB) 



[0105] 

J£#«ffl**- F r k co»ff SNR. r op , m tt, &Ttf> J: o ( BUEWMtB*"* 

-KcO-tf^VN'^KiOfiSfOlO^SfiSNR) - ( KJ/Jre^lW^— h'iOSNR^r^-fe-y 
[R20] 
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= r„< (*) - r, 



for any k and me M , (dB) 



[0106] 

r m (k) , r 0 „ , m fcJ;V'r 0 P , m fi-r<-Cfcic (19) (2 0 

[0107] 
[&21] 



ft S N R<75fl«<?5Btl!KT* & . 



fllxJf 1%PER) ^jtfK-rscofcr^^^SbhSNRfcBljl-rs. ^2liyXrA(: 

^AWGNft^ 1 % P E RS-itJ^-f-^^^^S^^X^.^ t-A-JMk f£3 
-HI/— K ^^iftX^-AfcJ^ft/hSNRhWjS^S. h;H«yXf A 

ETC**. 




(dB) 



[0108] 



[0109] 
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[*I2] 



1 PI <- 1 








j&H S N R 
(dB) 


n 










1 
1 


0 9S 


1/4 


TiP^K 


x *o 






1/9 


FiP^K 


^ 9 




1 0 


1/9 


OP^K 

V^/JT ijJV 


4 9 


4 


1 5 


3/4 




6 8 


5 


2 0 


1/2 


16 OAM 


10 1 


6 


2 5 


5/8 


16 OAM 


11 7 


7 


3.0 


3/4 


16 OAM 


13 2 


8 


3.5 


7/12 


64 QAM 


16.2 


9 


4.0 


2/3 


64 QAM 


17.4 


10 


4.5 


3/4 


64 QAM 


18.8 


11 


5.0 


5/6 


64 QAM 


20.0 


12 


6.0 


3/4 


256 QAM 


24.2 


13 


7.0 


7/8 


256 QAM 


26.3 



[0110] 

t5 ± V 8£fl«!l5£3r i: t J: o T i i: § h . /I- ■/ ? T <•/ 7° f — TVU * ffiffl L T . 
- FiMfSrE— HcO-fe v h fc %<r>>Jm S N R^IB'If-r S i b h . 
[0111] 

[0112] 

D. MffgjjQBf'J^-C 

08OX-r>yT8 2 0(:o^t, JE^HW^-F- tt}iifMlim^^WBf^l^S 
#ffiU ffi|g£ SUM"* . KT<offlB&JaT<OKWt:flEffl^*. 

[0113] 

yf7?Xl 3 ^rW^'&iMfs^E— F ) . 

7'E^El^FE-F (~f 1*^1 2<7)-ry7 ; -v^x^^r-rSjlfI ; E-K) . 

[0114] 
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jS^feSEfiTt — H tOMit S NRIi;l/ -y 7T-y 7^-7;UDft/Jv£g SNR *iS~C* T 

*2^$tLTV^jHfi ; e-H"t'OV^r 0 P , m <-l. 8dB) 

[0115] 

r^-r ^ rjswjsia*^- FZtcomtfmm*- v q m safe snrj^tro^s n 

ftiM^- Fto«9K*l«fi«J P rei , m (iElTO «t a fcfttJ-fS - k 4 . 
[*22] 

P = F "' - y " q>m , for wi G Af 

[0116] 

sJ-^SfLT^iZEWI^fir*— Krfct-tfn (P r e q , m =0) te^U*. 
[0117] 

[R23] 



[0118] 

[0119] 

W^fiT*— F fO-r - * !✓ - F £ m± 2 •£ £ £ £ & V , «HBBSUS* i 4 1 o . 

[0120] 

E. j&fg^-FfBB 
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[0121] 

II. M I MQ-QFDMy-X-fA 

129 Ai±. CT^eijTDD M I MO-OFDMi^T-AtCfclt&T^-teXitr-'f > b 5 1 

oxfci jl— f= 5 2 o x commmco >y ? h £ ^ lt i ^ rn^yh 

«0f|rilr.. 77«W > h 5 1 0 xliffl 1 110 X'fo 0 , J.— 1fS§*5 2 0x(i 

«flH 1 5 0 Tfc 4 . 
[0122] 

*>T-^V-X9 1 2ii^TXf-^/o-lr7t9 2 0tc}gffi$iv ;:th5t7?f 

1 2W^H9ACSt. TXf-?7n-b7t9 2 0lt #f-?Xb 
-eam, 3yhn-7 9 4 0(:ioTgft$^l»f-^I/-b3>fn-;K ^-f-fbrj 

o(±n c mco^—v yyikgcm^ytfflsxb v — AS-Tx^iam-b-yif 9 28^^ 

[0123] 

XHJ-A£N a p fflcOiSff / h (TMTR) 930a-930a P |:gft« t 
£ffo„ ^II^-fA'-yf^ (STTD) (±j5|fi^^'-^T-^^ffiffl-ri»^t^ 

ffilB^Sfl»0fc*tf3SiaBBlS:* 1 IZ^ LX . #jMftS^-- -y t- 9 3 0 jiffy- 
y tf'/t-X Ml— A OFDM JSOSSr Hfr L , 2tJCE-f 50FDMy> h y — A £ f££t 
U £;Wi3&fc^3*VC3EM3-**£j*W-4. ^t-CjHfl«J-~-/h9 3 0a-9 3 
OapKW, p mcO^mmm&^tl^'tl^ N a p »ryft9 32a-932ap 

[0124] 

3-— fffi*5 2 0 xCfcUT. N a p ffl«jlftm-^{iN u t I<?)Tyft9 5 2 a - 9 
5 2ut«#7 ? X"SffStL. =S-T>'7 L ^*^<7)Sftft^-i4Maa««^---y h (RCVR 
) 9 5 4t^ffiS^LS 0 &%mm3---y b 9 5 A^^mit^WmH J;VtV S^Pfl' 

A£&f£-f.g> 0 fflia-7f954a-954utttN n t ll^fl^ V*' 

•cfiiteij^jro^iafc) aKS^^^f-Afcafrjv^sBi«Bi*ieffr4. rx^ 
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«^yb5 1 0 xCS^Ts TXSIfflTU-fe'ylf 9 2 8^i{/'TXf-^7°Ot7f 
[0125] 

f 9 7 4 1 y U > ? ^ l oHi^of S^t£ J +**)V 

-fey If 9 6 4*^S^Sixfc«^^^>f TfiOWIBKa-^V^Ts 3 > 9 7 0 Ji s _t 

*U iUff v h954a-954u t Tyft9 5 2 a - 9 5 2 

[0126] 

T^«Wyb5 1 OxfctSWC, 1f^5 2 0 x3&»&£>N 11 t H0MSfM#tt 
T> -r--)^,) 3 2 aH9 3 2 apT'Sff §fU SrflU^ ~ y b 9 30a-9 3 0apti 
oTlfiK^. RXSri7n^7t9 3 4BJ;V , RXf-^7nt7t9 3 6(CJ:oT® 

Ifr^tofe ±1*331(4. ^fS*5 2 0xt 

ct o TSKSft^iMfTe- H tz3&3\ HBfWC* S.SflACK/NAK^ffifflLT 
s jl— *r«8*5 2 0 xt ±oT*MS;h^#T-*A3r.y ho^ma*fcl4#iH£ 

[0127] 

MWKgttn y b 9 4 0 ( i oT(4^-lf»*0)*#7 n 

tn 0 , u t fluent) . ^yyy^iifi^^ h*#aj"r*fcftfc:ffiffls#i4. 

bn^794 oiif^i/^hny hn^Sf^- ^Y-X9 l 2i3il/TXf^^ 

-n^. ifi^x >f b ^TXf-^/nt 7f 9 2 o 0 ^*>y u >7mmco 

f-or*/W8£i5 it/iMft^- FaBRHLhi&OJ: ^3 tllfrWC** • 

[0128] 

r?y bu— 794 0*5 ±1*9 7 0J4*fl-P*U 7?«^>N5 1 Oxfci^f 
S*5 2 0 xc7)i6#*S*^ftTV^ 0 .X^Ujx- y b 94 233^9 7 2«^fL^ti. 
bn^794 0*50:1*9 7 0t«t^T^S^STn^5ArJ— Hfcctt^T— 

[0129] 

H9Bfi„ Tv7° ] J>?)£{E<?yT?~tX#4 >h 5 1 0xfcJ;^fg*5 2 OxJ- 
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y b 5 1 0 x{±gflil 1 5 0 h o T <y T 'J y ? iUff^-r */Mt5£;fc J: t/ilff^- K 
[0130] 

2 0 xT^M^ol vcJTFS ^fcBJMtRWr* . 
[0131] 

Hi oti. Tf^xtfj y b 5 l o x^Mf«^^JS®ffiT*SSfl»7-Vx^ 

2 054. fv;Pf7P^f (Demux) lOlOt, N c flgcDXyn-^ 1 0 12a- 
1012sL N c ftO^^/M U-Al 014a-1014sL N c ffl<7)^y 
*7kV v tfy^JL- 7M016a-1016st, N c ffl^ff-^X^- U y^JL~ >y b 
1 0 1 8a-l 0 18sfc£#W^i (t^^>N c I^f^^h 'J^A^tO 

N ) 0 fv^f 71/?f 1 0 1 0iih7t 7^f-^ (^fcfeW 

^ 1/ - b 3 >- b o fc: ± o T * § *rc ^ & <r - ^ 1^- b Tim S #IT V ^ 4 0 fv;kf T 
l^^l 0 1 oil, h7b7?f-^mi:N c M<t)t*-^x h >J-2>fc LTigf££ix 

[0132] 

#x^3— 0 1 214. (W^tny hn— ^t^SfLTV^ioC) SHRfirttf;-* 

»Wfcffl8!lfc^ftS*L. flrffl:f^^7b*»li. flr^ftfi^f-^aSm^OfiJItt* 
SI^WftX^-Att. CRCftfIL *B**flF*Ht. ^-stffiF^ffc. fci^V 

yhn-;p*ft*M^y^ioi4c«ftti. jy?v-nm, 

[0133] 

yhf^jLTiy b 10 1 6fcSI«3*u ^fLii (^Iny bnwW:i^t^?ixt^S 

/l/^Ifttl)o >y M 0 1 6{2Bffl<7>>f y^y-nt:b> h^yhi/^ey 
B-b^y h^M^Uffi (B^l ) §&fc#B-fc> hfflSr. jffiRSSlx 

^f-A (Miff. QPSK. M-PSKiWJM-QAMT*^ £ <IT"f2M= 2 B 

&) {zm^^xm^<^mi/y#Mz^v\zy^h« ^m^y^MimiK^mx^- 

Ati^TSKSilT^Sfi^ieatsignal constellation) fclis ft SSSflTCftS . Jfc^ 

x>f bw m (k) ^7--yy^x, ^^^Mtefci^m^ia^^-r^o ft-^x^ 

M018a-1018si±N c flpOX^r— U ^fl^iBS^^X b ] J 

[0134] 
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^flSOT^^/^hu-Atoess^siaBBa^issL. N a p fflc^iifi^y^xb o 

-A £ fl«-f S . £13*53(2* 1 fcSK S fix ^ S i 3 tSgfrWC* & . 
[0135] 

l^f-nh'J-A^ (_h3&7)<£ d&^C S I MIMOyXfA|;Stl>)* 

2t, yyt^?yt G y/a~7 M 0 1 6 L if 

X*r— yy^-y M 0 1 8cON s fflO-tr-y hSrfiOTLT. N s ffl^f— h U— A 
y)ly>7i-*r*)l-mWftmzn->XN c = N S =N a p SN U t £ 
»MLT . N a p IWXt- U V7~\\Z$misVK)VX Y >J -A£ilffi-f £ £ t S . 

[0136] 

c7)^-9-7'Vs>FT'jMfS-r.g>iMffxdr-Ato^T. x.ya—yi o 1 2fc„ v 

^U— y\l OUt. yy^7'yt//a-7f 10 1 6fc. 

M O 1 8<7)N a p «?>te<y hSrffifflLT. N a p »?>t— ?XM>— A (i;tN c = 
ht\b ifiX'% h . iJc^TTX2IBTo-fev9-9 2 8J±*fc:, gfljyy-tfVkX h U-A fc t 

T#xy--y y 7 vermis ytf^xh u— ASiBtS**. sraMSte^Mftx^-A 

[0137] 

— fmu^ Txwn-t7t9 2 8ii. x^r— u y^^m^y^)v<nw^w^ 

Mfli^JJO^fS. TX^7Dt7f9 2 8li§6C, WiW^W^S-ft (TDM 
) ^H^W: ( C DM ) SrflMLT. ^Ma-y h^y^/l-^iSff^y^VbT-^Slt 
/^Dyhj/^fvMi, h^b'y^T-^Sralfi-f-li^^fgfflStl^-^XVSVK/ 

N a p fE^itixy^Vl-X h U-AS-N a p fic7)^m«^-- -y 1930a-930apC 

sew- *. 

[0138] 

#^ft«i- 7N930 liitL^iXcnmm^yt^VX }- U —A tOFD MjEOSSrHf? L 
-UX^Jt ( I F FT) £ffifflLTN F fflcDjUft yy#/^ -y hi^fSV^^ ylZ$£ 

j*LT. n f m^yyiv^-kts r ^Jij yy^vit'^h^bb. (2) ^sm^y-Riv 

OFDM^y#>Hi§^tMff«-3--'y b9 3 Ot i; ^TMS^ftT loI^± 

hSixx) ss»3# ^^-rs,, m«t7'y^fA i o o ocr>m<vmmi>£t:9m*iffi 
X'h 9 . *WR<?Mmnx'fo h . 

[0139] 

x-f Mtf ) *SSfrWC*4. T-yrU V^jagt=ov^TI±, 37bn-594 0(40 
8O7ntX8 0 0£itff$"-&£ k^fS, Tv7° l Jyy*cOfti4<7)#^Jf- J f'^;l'«#^i7) 
jUfrE-T^jUR-rS, 3yhu-7 9 4 0rtt. SSjffMTJL-'/ M 04 2(4^111 
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WPt o t a 1 . up*, (W*fcr, 7^*X*"-fyf»ftW«Kff AA m (k 
) tJS^^nrttgNo , a p fcfc*c*VvO imcomfr^r *MZftm~t & , f-^/b 
£Ofc3L->y M 0 4 4(iMJ f lJ^ J r^-;l/ri;^^^^K$E*»ft-^. itffl^r-b' (TM 

) SBRIg 1 0 4 6 IZMMi-* fc £ iSW^Mfl*- b SrMJR-TS . ^ * U •/ b 9 
4 2(1 (Mn$ik2l,z^tiX^& J; 5 iz) ^*°-bM«^-bco/yy?TyT-r-y 

;H 048joj;V^<7)^®SNR*lt[i-ri.^t^T'^S <1 ¥V> 'J IZIUXIZ 
, ayhu— 79 4 0{±^^:EI8<?)7°a-teX8 0 0&^fL. ^JS/SWEW^- b^-f 7" 

Ay b r t tcsfim^ SrWrrs ^ t » ^ y u y ? t^jifiim^iif ^y#/b& 
xy— v yy-th tztbizmm^ti&mt^ x -r b * f+jrrs . 

[0140] 

Hi ni. jl— ifS*5 2 0x^smti^^M?F^'r'S>s*fi^7'>^^Ai i 

T>7~i-9 52a-952u t"egtl£fu #T y^fr^^mt^i^K^Kco^t 
Ia- 7 b 9 5 4 (£ffiffi$*U>. #^fl*2_->y b 9 5 414* Og««-^Sriffl^fcl t^r 

®ft«T"<7)OFDM3EP!ti— fl£6^ ( 1 ) #^OFDM^y*';W<59jS@f§BI£ 
H^LTSBSSli'J'tffl'fcWSifci:* (2) SBt7-UxSSI ( F FT ) £f£fflLT 

««( e Ba»v'>'#A'tjaaaR b.*^ ytgg&u n f rn^y^y HtcWL-r 1 * * h« 

1 O xtCi-pTM^tLTtjIft^y^V^jtST'fcS. ^flt&3-— -y b9 5 4 a- 9 5 4 u 
t(4N u t fHc^gflyytf'/l-Xb iJ-A^RX^rHlTn-fe-y-9-9 6 2t:Iftfl, t 
[0141] 

3*S8fxU N c IWHISy y b 'J - AJ iffit I. . RX2IB7n-fc7t9 6 2li 
, (£;KXi£f-^*/bfflW^Mte ( ccm I ) ^Efl5»fc#3*i4) ^'n7*-y 

y^ (ZF) *§KfcH, */h2* 3 F^ftai (MMSE) aNfctS. MMSE*»*flS» (MM 

se-le) . ^mmmm^ (dfe) . ^fciiffiw^fc&fcigs^sifctf-pss 

[0142] 

RXf-^7n-fe7t9 6 4i4RX^Ta-fe>y-^9 6 2#»&N C fflcO@fSy ytfVl-X 
b U -A Srgff-f £ . %-mfS.i/y #)VX b U -ili'f-n-! : 'ii<7)yy*";l/f-7 >y t"y/a- 
7M132tSIS^ ny bu-^9 7 0tcJ;-5Tilffi$:?x&fMf)t|:ayhcr 

yy^'/w^flim-rs. #yy»f77 b°y^"JL- ■/ Ml 3 2*^cofSP-f'-^xb u 

-Afi. If-^X h i;-A«7?*^!K'f y h 5 1 OxT-Hft§fLl,c?)tfflaW^& 

t-Mif't *-)Vt4 y? 'J — ai l 3 41:^-3^^11- 1" y^S^ o -fy^U — 
fc" y ^-fbj&^lfi^ - b fcrtefr £ti&m^. nyhn-5970lt Kit t ^ S tit v » h i 
dtc. ^y^U-b'y^nybn-^^^x^y^U— Ai 1 3 4 fciH£?-£ » 

#^^^-;yr4*y^-^ u— ai l 3 4K«f4yj"j- fitf— ayhu—79 

7 O i ^Ttlft^fclt^-ffca y b n-;HC j; -oT^^tLt ^-S. =fc 5 T^-fcXzK-f 
y b 5 1 0 xT^Sii60fcffi*l^*ffiTBBaS'7*3— ^ 1 1 3 6tci;-5-rfI^-$ix-§> 

. wiif. ^-*s^:(±^a^^^'-?-tL-e^xT^-fex^yb5 1 ox-emfztLt 

*§<£\ ^— #7*3— ^*fc«t:^ tf3-7^f3-7' 113 6 tffiffl-tS h 

. fa-^l 1 3 6Ji*fc, A^r.y h#:OiteM3ftfcaHH^3*iJfcj&»S 

^f) #S®7*— h^f— ^^.Sr^ft-rs^t^-C^So fa-^i 1 3 6J4 

[0143] 

HI 1 tc^ftTl^llttm^c&^T. ^^^-^ffijgfig 7 4i4. (Mx.(fSfl^M 
a -y b yy^Vl-^^'v^T ) jl— fjfg^ 5 2 0 xtO^-r^JtE^ti J:«t7 nrirftS 
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U ft^;H£*3>h.n-7 9 7 0 KltWrS. 3>bo-79 7 0J4. y*7>V> 
7 H i IP7* >y T U y 7 )R2r O BB/P - T P - F 3 y F n -/F £ Rft- -6 « * tfDtS^g ( M si if , 

^y'jy^Mfttovvcii. rjyFu-^9 7 0(±H8(7)Tn-tX8 0 0 £H?fB]ircft 
S„ 9 7 «Sj»J^TJ---7 M 1 7 2(4. (0iJi.(i\ 

^*/Ff!l#«S^ m (k) &±t>1i#7oTN 0 , u t ii£t=Xr*tvt> £Mftm7J 
Pt o t a i . d n fc^^M^^/W'ftflfrrS. f-v^S)(EJt.-'y M 1 7 4(4 
^a^M^-v^^^-^tOf-v^SSK^Hfi-r-So ilfl^-F (TM) JiiRSl 1 7 
6(4MM^-v^rt(c@fl]^ft^-K2ra^t-S. ^tija-.yb97 2(l (Ml 
t£&2t&HZ1lX\*&J;5tZ) ^-hjUfl^-FWP-y^TvT-f-T'VH 1 7 8 t * 
<^SSNRt£tfi1I^§£fc#t ! '#l><, rjyFQ-59 7 Oti^VU y?<7)N c ffl<7) 
M^iJ^-r^KcMLTN c fflc^IIiRMfl^-FSrJSttU Ztit>teT7-tX#J V F 5 1 
0 x C:SS4>;fx& 7 - h'A -y #co— gftT'ft ->t <» ± V \ T >y 7° 'J V ?3Mft (cot (4 
. 3>hn- 59 7 0(4i^H8^Tn4?X8 0 0£Slfi 1 LT. ^JSTSftBffl*^— KWIf 

[0144] 

BUtntfcC, iMfl^^'^XT-A 1 0 0 0(4T?-feX;fM y F 5 1 Oxt-OMt 

mm$nx& *) , sfit/yxfi, 1 1 ooaa-tms 2 0 xto^Ttra^ixT 

ft 0 s SfHi-^'yxf A 110 0i4i^Ti?-bX^M y F 5 1 0 xcDSfffiigl^Hcffiffl 
[0145] 

b. yvyyypn&xfT vT ] J y?y-ynyyu~)V 

Hi 2A(i, W6i,z^nx\^&?—?MMzm^^x¥'^y ] jy7cDffi)i-—y°u—h 

ay ln-;l/^Sfff^/tto07nt^^^Lt^l.„ BCH PDU^#TDD7V- 

A«mico-t^yh-cSfi§n (H6#{fi) , ^.-Hf^ti-pTffifflSiiT^yj 

r- f£*p*> £ft . -2--- tf'S^tcM^ix^ f c h p d uco7°y ry^tgs >r t ifix 
jl— tfst*(iM i Mo^o.y hteXV/^tzte^T—Ymmzm^v^xy^y 

. ( ikflflW- F 7* — ^ F' — F ) jtWSrSft^- F £SS4l«-£ . i— if 

mmzztitzcmm^-FZ, ¥*?yvy?cn rjg§gj mfi^e-FtL-c. r 7 

[0146] 

3-— fffi*&^«fisa^3iifit-F*7t(4 uoffi^x-^-Ffc^rrs) mmm 

=E— b'Tft-oTt) T?-feX;FM y M4FCCHT\ ( y 'J y ?JMf| cotztbtZT 
r-txtfj y hX-MMZtltzmm^- F £r#t?) - «*£7)»IS-C'lffg£i*& . JJcwc 
, T^4rX^-f y F(4. ai^jMfl^-F^ffifflLT. FCHWf-^^a- «W§*t33HI 
-fS. jr— fS3fcf4fiJ3T'fMB£SflU T?-teX*M y hCioTSHRSnfciSS*- 

^-^mmzmmmm*-vi / z^xyvyvy7mmzmwt%>, 

m 1 2 A iz^Z fix l ^4 UMBKBCo ^ T , jl— if st*t: J;Sf--v *A<«set5 ± W3Sft ^ 

- FSWk . ^'^y 'J y^iSficoin^fOjUfl*- F^ffifflk«rao®ffi(4-^eu(cTD 

[0147] 

HI 2B(i. H6(^§n.TV^7P— AHiit^'lvtr-yT'Jy^crjffl/l'— 71/- 
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hny fn- ^Srlttf-rSst^Tn-feJ^^LTV^. Jt_— IfSSSfcfi, FCH/RCH 
U V-X^WJST t , yXfAr^-feXSfORACHfeit/RCHtXfr-HS 

5*OTfflSTfll**FCCHT384. ^-—Tffi*{±. aSSSfi*- F*fiEfflLT-r-^*R 
[0148] 

. Miff. £*i&tf>J$«tt, a-Hi)i7. V7 h->i74Wiu^^«I^M-|:J; 

bn-594 0*5 Z.X/9 7 0 ) X'm>V—~?l<— h 3 y hn— /WcffifflSftiBSli, l"? 
m±OWSffl^IftFftmW[HlS& (ASIC) . isfM&WTU*. -y^ ( D S P ) , 74 
i/?}Vm j 5 > $mWS- ( D S P D ) . 7n/777'/Hfe®I (PLD) „ 7 4 -^K7n 

7'5v7;kf-h7W- ( F PGA) „ Tn-fe>yif\ nyho— 7. ?nnybn- 

[0149] 

tix v \& ms&g&r? h ^ v a. —iv{ m a *ih*j ± tqniKr t* ) ti-jt seswc & 

6. V7f'>x73-Mi;^^'Ja-7h (M£ti\ 09 Afcj;y9 BCD** >Jjl~ -/ b 
942 2?t{i97 2) tlE'liSftT, 7nt 7 1 ( ^ h n-7 9 4 0 Sfcfi; 9 7 

[0150] 

[0151] 

izi>mm*imx*fo& 0 i^t, ^miizzzizmwznx^&mijmmiznmzn&zb 
, zzizm^nxx^mm^mm^wmz^mL^^&mmiim-t^ z t # 

[0ffi«ffi#=»J3] 

[0152] 

[HI] N c ffltfOM?!lf-v TV— hnybtr— }V*^fh~?)Vi-^ j r*}VM. 
[02] miv—yv— h n y hnwM8«£jS - $ _ 0"C£> & . 

[03] H;l/-7V~ h n y h n-;Hc J: oTSJRStL^ N c fllcDMfl*- F LT 

[ 04 ] ^/P-T<7)M^T n-feX £ jS-TEST* -6 . 

[05] MSWTDD M I MO-OFDMyx^Sr^-flirC'fo&o 

[06] TDD M I MO-OFDM^xAK*3V^Tffiffl$ixTV^7P— AffiitSr^ 

[07] TDD MIMO-OFDMyXfA[;B(tl.7 r >y | Jy?fcJ;y ; 777'Jy^ 
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[09A] ^yvyftekr/Tvyvyfi&iifficD, tdd mimo-ofdm^t 

[09B] jr*7yVy?i$J:XfTv7Uy?i£mm<0. TDD MIMO-OFDMyXf 
[011] gff^^VXxASr^HT*^. 

[ 012A] ^yyy?fci t/r / ryy? coffi/i—y 0 ]/— b =? y b o — ;P^JjSW^ >f 
[ 012B ] ypts&TftTvyy ypco m/i—y° v — b a y b n — w ^ 

[0153] 

10 0-7/I^f^*;loHl^fA, 1 1 0-i£fIH. 12 0-TXf-^7nt7f 
. 1 2 2 ■ ■ -iSfiH^-- v K 130-^ybn-7, 1 4 8-fiS 1 <7)SIft U V ? s 150 

-sfiBL 1 5 2--M2cvmmv y?. 1 6 o -sfin^^y k 1 6 2-am (rx 

) f-^7°n^7t, 1 6 4— 1 6 6— TMJ1JRS. 

-5. 17 2-p D pftS, 174-StfK^ 176-^7?r77T-//MLUT) 

. 2 0 0-BJ;P— y°V— bny bn^;l/ia, 2 l o-figp;^— 7\ 2 2 0-^SP/l^— T 

. 50 0-TDD MIMO — OFDM i/Xf A, 5 10-7;«^Vh (AP) . 
5 2 0»OL— ifSB* (UT) x 6 6 1 2-BCH7nb3^f 

— ?3L—y h ( PDU) „ 6 1 4-ia^ > fn7 K 6 16-MI MO^-Y O >y 61 
8-BCH^7^y\ 6 2 K 6 3 0 — F CH-tW yb , 63 

2-FCH PDU6, 6 3 4-af7^KSi, 6 3 6-f^W 7 b, 640-R 
CHt^yb, 64 6-f-W 7 b, 6 6 5 4-A>f 

n 7 f, 6 5 9 1 2-f^V^ s 9 2 0-TXf u ^7n^7t, 

9 2 8-TXWnt7t, 9 3 0---i£dt&x— b ( TMTR ) . 940-^yfn 
-•7. 9 3 2-7yft, 942-^^'Ja- 7 f, 9 5 4 ■ ■ -SfHSJL— >y h . 962- 
RXSS7n^7t, 9 64-RXf^^7°n-fe-yf, 970-^ybn-7, 974- 
^*/PJt5££ff. 9 7 8-TXf-^7nt7t, 9 8 0 -TX^n-fe yV. 100 
0---3Sffffi^VXxA. 10 10-f7/WVn(Demux), 1012-xy 
lOH-f^^/Wy^'Jws; 1016-yy^77b o y/a- 7 h, 1 
0 18-ff^X^'jy/^7b, 1 04 2-fI-^X^r— U^^— y K 1044- 
f-^r * y K 110 0-SIIIt7*yXfA, 1 1 3 2-yy^f7 *y b°y 

/a- 7 f, 1 1 3 4-f^^f^ y^U— A„ 1 136-f3- ^\ 1 172-tS 
ISti^vh, 1174-f^^Ka- 7 f, 1 1 7 6-jSfI^— F (TM) MtR 
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BACKGROUND 

I. Field 

[1001] The present invention relates generally to data communication, and more 
specifically to techniques for performing rate control for data transmission on multiple 
parallel channels in a multi-channel communication system. 

II. Background 

[1002] A multi-channel communication system utilizes multiple "parallel channels" 
for data transmission. These parallel channels may be formed in the time domain, 
frequency domain, spatial domain, or a combination thereof. For example, the multiple 
parallel channels may be formed by different time slots in a time division multiplex 
(TDM) communication system, different frequency subbands in a frequency division 
multiplex (TDM) communication system, different disjoint sets of subbands in an 
orthogonal frequency division multiplex (OFDM) communication system, or different 
spatial channels in a multiple-input multiple-output (MIMO) communication system. 
TDM, FDM, OFDM, and MIMO systems are described in further detail below. 
[1003] The multiple parallel channels may experience different channel conditions 
(e.g., different fading, multipath, and interference effects) and may achieve different 
signal-to-noise ratios (SNRs). The SNR of a parallel channel determines its 
transmission capability, which is typically quantified by a particular data rate that may 
be reliably transmitted on the parallel channel. If the SNR varies from parallel channel 
to parallel channel, then the supported data rate would also vary from channel to 
channel. Moreover, since the channel conditions typically vary with time, the data rates 
supported by the multiple parallel channels also vary with time. 

[1004] Rate control is a major challenge in a multi-channel communication system 
that experiences continually varying channel conditions. Rate control entails 
controlling the data rate of each of the multiple parallel channels based on the channel 
conditions. The goal of the rate control should be to maximize the overall throughput 
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on the multiple parallel channels while meeting certain quality objectives, which may be 
quantified by a particular packet error rate (PER) or some other criterion. 
[1005] There is therefore a need in the art for techniques to effectively perform rate 
control for multiple parallel channels having varying SNRs. 

SUMMARY 

[1006] Techniques for performing closed-loop rate control for data transmission on 
multiple parallel channels are described herein. Closed-loop rate control may be 
achieved with one or multiple loops. An inner loop estimates the channel conditions for 
a communication link and selects a suitable data rate for each of the multiple parallel 
channels (e.g., to achieve high overall throughput). An outer loop (which is optional) 
estimates the quality of the data transmissions received on the multiple parallel channels 
and adjusts the operation of the inner loop. 

[1007] For the inner loop, channel estimates are initially obtained for the multiple 
parallel channels (e.g., based on received pilot symbols). The channel estimates may 
include channel gain estimates for multiple subbands of each parallel channel, an 
estimate of the noise floor at the receiver, and so on. A suitable "transmission mode" is 
then selected for each parallel channel based on (1) the transmit power allocated to the 
parallel channel, (2) the channel estimates for the parallel channel, (3) an SNR offset 
provided by the outer loop for the parallel channel, and (4) other information provided 
by the outer loop. A transmission mode indicates, among other things, a specific data 
rate to use for a parallel channel. The SNR offset indicates the amount of back-off to 
use for the parallel channel and influences the selection of the transmission mode for the 
parallel channel. The other information from the outer loop may direct the inner loop to 
select a transmission mode with a data rate lower than that normally selected for the 
parallel channel, for example, if excessive packet errors are received for the parallel 
channel. The transmitter and receiver process data for each parallel channel in 
accordance with the transmission mode selected for that parallel channel. 
[1008] For the outer loop, the receiver estimates the quality of the data 
transmissions received via the multiple parallel channels. For example, the receiver 
may determine the status of each received data packet (e.g., as good or bad, as described 
below), obtain decoder metrics for each data stream, estimate the received SNR for each 
parallel channel, and so on. The outer loop then adjusts the operation of the inner loop 
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for each parallel channel based on the estimated received quality for that parallel 
channel. For example, the outer loop may adjust the SNR offset for each parallel 
channel to achieve a target packet error rate (PER) for that parallel channel. The outer 
loop may also direct the inner loop to select a transmission mode with a lower data rate 
for a parallel channel if excessive packet errors are detected for that parallel channel. 
[1009] Various aspects and embodiments of the invention are also described in 
further detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[1010] The features, nature, and advantages of the present invention will become 
more apparent from the detailed description set forth below when taken in conjunction 
with the drawings in which like reference characters identify correspondingly 
throughout and wherein: 

[1011] FIG. 1 shows a transmitter and a receiver in a multi-channel communication 
system with closed-loop rate control for Nc parallel channels; 
[1012] FIG. 2 shows a closed-loop rate control mechanism; 

[1013] FIG. 3 shows an exemplary process to transmit Nc data streams on Nc 
parallel channels vising Nc transmission modes selected with closed-loop rate control; 
[1014] FIG. 4 shows an exemplary process for the outer loop; 
[1015] FIG. 5 shows an exemplary TDD MIMO-OFDM system; 
[1016] FIG. 6 shows a frame structure used in the TDD M1MO-OFDM system; 
[1017] FIG. 7 shows a process for transmitting multiple data streams on multiple 
wideband eigenmodes on the downlink and uplink in the TDD MIMO-OFDM system; 
[1018] FIG. 8 shows a process for selecting Ns transmission modes for Ns wideband 
eigenmodes; 

[1019] FIGS. 9 A and 9B show an access point and a terminal in the TDD MIMO- 
OFDM system for downlink and uplink transmission, respectively; 
[1020] FIG. 10 shows a transmitter subsystem; 
[1021] FIG. 11 shows a receiver subsystem; and 

[1022] FIGS. 12A and 12B show exemplary timing diagrams for closed-loop rate 
control for the downlink and uplink, respectively. 
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DETAILED DESCRIPTION 

[1023] The word "exemplary" is used herein to mean "serving as an example, 
instance, or illustration." Any embodiment or design described herein as "exemplary" 
is not necessarily to be construed as preferred or advantageous over other embodiments 
or designs. 

[1024] As used herein, "rate control" entails controlling the data rate of each of 
multiple parallel channels based on channel conditions. The data rate for each parallel 
channel is determined by the transmission mode selected for use for that parallel 
channel. Rate control may thus be achieved by controlling the transmission modes used 
for the multiple parallel channels. 

[1025] FIG. 1 shows a block diagram of a transmitter 110 and a receiver 150 in a 
multi-channel communication system 100 with closed-loop rate control for Nc parallel 
channels, where N c > 1 . The Nc parallel channels may be formed in various manners, 

as described below. For downlink transmission, transmitter 110 is an access point, 
receiver 150 is a user terminal, first communication link 148 is the downlink (i.e., 
forward link), and second communication link 152 is the uplink (i.e., reverse link). For 
uplink transmission, transmitter 110 is a user terminal, receiver 150 is an access point, 
and the first and second communication links are the uplink and downlink, respectively. 
[1026] At transmitter 110, a transmit (TX) data processor 120 receives N c data 
streams, one stream for each of the N c parallel channels. Each parallel channel is 
associated with a specific transmission mode that indicates a set of transmission 
parameters to use for that parallel channel. A transmission mode may indicate (or may 
be associated with) a particular data rate, a particular coding scheme or code rate, a 
particular interleaving scheme, a particular modulation scheme, and so on, to use for 
data transmission. An exemplary set of transmission modes is given in Table 2 below. 
For each parallel channel, the data rate is indicated by a data rate control, the coding 
scheme is indicated by a coding control, and the modulation scheme is indicated by a 
modulation control. These controls are provided by a controller 130 and are generated 
based on the transmission mode selected for each parallel channel using feedback 
information obtained from receiver 150 and possibly other information (e.g., channel 
estimates) obtained by transmitter 110. 

[1027] TX data processor 120 codes, interleaves, and modulates each data stream in 
accordance with the transmission mode selected for its parallel channel to provide a 
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corresponding stream of modulation symbols. TX data processor 120 provides N c 
modulation symbol streams for the N c data streams. A transmitter unit (TMTR) 122 
then processes the N c modulation symbol streams in a manner specified by the system. 
For example, transmitter unit 122 may perform OFDM processing for an OFDM 
system, spatial processing for a MIMO system, or both spatial and OFDM processing 
for a MEVIO-OFDM system (which is a MIMO system that utilizes OFDM). A pilot is 
also transmitted to assist receiver 150 in performing a number of functions such as 
channel estimation, acquisition, frequency and timing synchronization, coherent 
demodulation, and so on. Transmitter unit 122 multiplexes pilot symbols with the 
modulation symbols for each parallel channel, processes the multiplexed symbols, and 
provides a modulated signal for each antenna used for data transmission. Each 
modulated signal is then transmitted via first communication link 148 to receiver 150. 
First communication link 148 distorts each modulated signal with a particular channel 
response and further degrades the modulated signal with (1) additive white Gaussian 
noise (AWGN) having a variance of N 0 and (2) possibly interference from other 
transmitters. 

[1028] At receiver 150, the transmitted signal(s) are received by one or more 
receive antennas, and the received signal from each antenna is provided to a receiver 
unit (RCVR) 160. Receiver unit 160 conditions and digitizes each received signal to 
provide a corresponding stream of samples. Receiver unit 160 further processes the 
samples in a manner that is complementary to that performed by transmitter unit 122 to 
provide N c streams of "recovered" symbols, which are estimates of the N c streams of 
modulation symbols sent by transmitter 110. 

[1029] A receive (RX) data processor 162 then processes the N c recovered symbol 
streams in accordance with the Nc transmission modes selected for the Nc parallel 
channels to obtain N c decoded data streams, which are estimates of the N c data streams 
sent by transmitter 110. The processing by RX data processor 162 may include 
demodulation, deinterleaving, and decoding. RX data processor 162 may further 
provide the status of each received data packet and/or decoder metrics for each decoded 
data stream. 

[1030] Receiver unit 160 also provides received pilot symbols for the N c parallel 
channels to a channel estimator 164. Channel estimator 164 processes these received 
pilot symbols to obtain channel estimates for the N c parallel channels. The channel 
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estimates may include, for example, channel gain estimates, noise variance N 0 estimate, 
and so on. The noise variance Nq 9 which is the noise floor observed at receiver 150, 
includes channel noise, receiver circuitry noise, interference (i.e., cross-talk) from other 
transmitting entities, and so on. 

[1031] A transmission mode (TM) selector 166 receives the channel estimates from 
channel estimator 164 and possibly packet status and/or decoder metrics from RX data 
processor 162. Transmission mode selector 166 computes an operating SNR for each of 
the N c parallel channels based on the channel estimates and an SNR offset for that 
parallel channel. Transmission mode selector 166 then selects a suitable transmission 
mode for each parallel channel based on the operating SNR and outer loop information 
for the parallel channel. The transmission mode selection is described in detail below. 
[1032] A controller 170 receives the N c selected transmission modes, TM 1 through 
TM Nc, from transmission mode selector 166 and the packet status from RX data 
processor 162 (not shown). Controller 170 then assembles feedback information for 
transmitter 110. The feedback information may include the N c selected transmission 
modes for the N c parallel channels, acknowledgments (ACKs) and/or negative 
acknowledgments (NAKs) for received data packets, a pilot, and/or other information. 
The feedback information is then sent via second communication link 152 to transmitter 
110. Transmitter 110 uses the feedback information to adjust the processing of the Nc 
data streams sent to receiver 150. For example, transmitter 110 may adjust the data rate, 
the coding scheme, the modulation scheme, or any combination thereof, for each of the 
N c data streams sent on the N c parallel channels to receiver 150. The feedback 
information is used to increase the efficiency of the system by allowing data to be 
transmitted at the best-known settings supported by first communication link 148. 
[1033] In the embodiment shown in FIG. 1, the channel estimation and transmission 
mode selection are performed by receiver 1 50 and the N c transmission modes selected 
for the N c parallel channels are sent back to transmitter 110. In other embodiments, the 
channel estimation and transmission mode selection may be performed (1) by 
transmitter 110 based on feedback information obtained from receiver 150 and/or other 
information obtained by transmitter 110 or (2) jointly by both transmitter 110 and 
receiver 150. 

[1034] FIG. 2 shows a block diagram of an embodiment of a closed-loop rate 
control mechanism 200, which includes an inner loop 210 that operates in conjunction 
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with an outer loop 220. For simplicity, the operation of inner loop 210 and outer loop 
220 for only one parallel channel x is shown in FIG. 2. hi general, the same processing 
may be performed independently for each of the N c parallel channels. 
[1035] For inner loop 210, channel estimator 164x estimates the channel conditions 
for parallel channel x and provides channel estimates (e.g., channel gain estimates and 
noise floor estimate). A selector 174 within transmission mode selector 166x computes 
a received SNR for parallel channel x based on (1) the channel estimates from channel 
estimator 164x and (2) an SNR offset and/or a transmission mode adjustment for 
parallel channel x from a quality estimator 172. For clarity, the received SNR is 
symbolically shown as being provided by channel estimator 164x to selector 174 in 
FIG. 2. Selector 174 then selects a transmission mode for parallel channel x based on 
the received information, as described below. The select transmission mode for parallel 
channel x is included in the feedback information sent by controller 170 to the 
transmitter. At the transmitter, controller 130 receives the selected transmission mode 
for parallel channel x and determines the data rate, coding, and modulation controls for 
parallel channel x. Data is then processed in accordance with these controls by TX data 
processor 120x, further multiplexed with pilot symbols and conditioned by transmitter 
unit 122x, and sent to the receiver. The channel estimation and transmission mode 
selection may be performed periodically, at scheduled times, whenever changes in the 
communication link are detected, only as necessary (e.g., prior to and during data 
transmission), or at other times. 

[1036] Outer loop 220 estimates quality of the data transmission received on 
parallel channel x and adjusts the operation of inner loop 210 for parallel channel x. 
The received data symbols for parallel channel x are processed by RX data processor 
162x, and the status of each received packet on parallel channel x and/or decoder 
metrics are provided to quality estimator 172. The decoder metrics may include a re- 
encoded symbol error rate (SER), a re-encoded power metric, a modified Yamamoto 
metric (for a convolutional decoder), minimum or average log-likelihood ratio (LLR) 
among bits in a decoded packet (for a Turbo decoder), and so on. The re-encoded SER 
is the error rate between the received symbols from receiver unit 160 and the re-encoded 
symbols obtained by processing (e.g., re-encoding, re-modulating, and so on) the 
decoded data from RX data processor 162. The modified Yamamoto metric is 
indicative of the confidence in the decoded data and is obtained based on the difference 
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between the selected (best) path through the trellis for the convolutional decoding and 
the next closest path through the trellis. The minimum or average LLR may also be 
used as an indication of the confidence of the decoded data. These decoder metrics, 
which are indicative of the quality of the data transmission received on parallel channel 
x 9 are known in the art. 

[1037] Outer loop 220 can provide different types of information used to control the 
operation of inner loop 210. For example, outer loop 220 can provide an SNR offset for 
each parallel channel. The SNR offset is used in the computation of the operating SNR 
for the parallel channel, as described below. The operating SNR is then provided to a 
look-up table (LUT) 176 and used to select the transmission mode for the parallel 
channel. The SNR offset thus influences the selection of the transmission mode. Outer 
loop 220 can also provide a transmission mode adjustment for each parallel channel. 
This adjustment may direct inner loop 210 to select a transmission mode with a lower 
data rate for the parallel channel. The transmission mode adjustment directly impacts 
the selection of the transmission mode. The SNR offset and transmission mode 
adjustment are two mechanisms for controlling the operation of inner loop 210. Outer 
loop 220 may also be designed to provide other types of adjustments for inner loop 210. 
For simplicity, only the SNR offset and transmission mode adjustment are described 
below. Outer loop 220 may adjust the SNR offset and/or transmission mode in various 
manners, some of which are described below. 

[1038] In a first embodiment, the SNR offset and/or transmission mode for each 
parallel channel are adjusted based on packet errors detected for the data stream 
received on that parallel channel. The data stream may be transmitted in packets, 
blocks, frames, or some other data units. (For simplicity, packet is used herein for the 
data unit.) Each packet may be coded with an error detection code (e.g., a cyclic 
redundancy check (CRC) code) that allows the receiver to determine whether the packet 
was decoded correctly or in error. Each parallel channel may be associated with a 
particular target packet error rate (PER) (e.g., 1% PER). Quality estimator 172 receives 
the status of each received packet and the target PER for parallel channel x and adjusts 
the SNR offset for parallel channel x accordingly. For example, the SNR offset for 
parallel channel x may be initialized to zero at the start of data transmission on parallel 
channel x. The SNR offset may thereafter be reduced by ADN for each good packet and 
increased by AUP for each bad packet, where ADN and AUP may be selected based on 
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the target PER and the desired response time for the outer loop. The SNR offset is 
typically a positive value or zero but may also be allowed to be a negative value (e.g., to 
account for a high initial estimate of the received SNR). Alternatively or additionally, 
quality estimator 172 may provide a directive to adjust the transmission mode for 
parallel channel x to the next lower data rate, for example, if a burst of packet errors is 
detected on parallel channel x. The SNR offset and/or transmission mode adjustment 
from quality estimator 172 are used by selector 174 to select the transmission mode for 
parallel channel x. 

[1039] In a second embodiment, the SNR offset and/or transmission mode for each 
parallel channel are adjusted based on the decoder metrics for that parallel channel. The 
decoder metrics for each parallel channel can be used to estimate the quality of the data 
transmission received on that parallel channel. If a particular decoder metric for a given 
parallel channel is worse than a threshold selected for that metric, then the SNR offset 
and/or transmission mode for that parallel channel may be adjusted accordingly. 
[1040] In a third embodiment, the SNR offset and/or transmission mode for each 
parallel channel are adjusted based on the received SNR and the required SNR for that 
parallel channel. The received SNR for each parallel channel may be determined based 
on the received pilot symbols for that parallel channel. The system may support a set of 
transmission modes (e.g., as shown in Table 2), and each supported transmission mode 
requires a different minimum SNR to achieve the target PER. Quality estimator 172 
can determine an SNR margin for parallel channel x, which is the difference between 
the received SNR and the required SNR for parallel channel x. If the SNR margin for 
parallel channel x is a negative value, then the transmission mode for parallel channel x 
may be adjusted to the next lower data rate. 

[1041] The third embodiment may also be used for a design whereby a packet is 
demultiplexed and transmitted across multiple parallel channels. If the packet is 
received in error, then it may not be possible to determine (just from the received 
packet) which one or ones of the parallel channels cause the packet to be received in 
error. If no other information is available, then it may be necessary to adjust the N c 
SNR offsets and/or the N c transmission modes for all N c parallel channels, for example, 
so that the next lower data rate is used for each parallel channel. This may result in an 
excessive amount of reduction on the overall data rate. However, using the third 
embodiment, the parallel channel with the smallest SNR margin can be assumed to have 
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caused the packet error, and the transmission mode for this parallel channel can be 
adjusted to the next lower data rate. 

[1042] The outer loop may also adjust the operation of the inner loop in other 
manners, and this is within the scope of the invention. In general, the outer loop 
operates at a rate that may be faster or slower than the rate of the inner loop. For 
example, the adjustment of the SNR offset by the outer loop may be dependent on many 
received packets. The outer loop can also adjust the data rate in between regularly 
scheduled inner loop calculations. Thus, depending on its specific design and manner 
of operation, the outer loop typically has more influence on the operation of the inner 
loop for longer data transmissions. For bursty transmissions, the outer loop may not 
have much or any influence on the operation of the inner loop. 

[1043] FIG. 3 shows a flow diagram of a process 300 to transmit N c data streams 
on N c parallel channels using N c transmission modes selected with closed-loop rate 
control. Process 300 may be implemented as shown in FIGS. 1 and 2. Initially, the 
receiver estimates the channel gains and the noise floor N 0 for the N c parallel channels 
(step 312). The receiver then selects a transmission mode for each of the N c parallel 
channels based on the channel gain estimates, the noise floor estimate, and outer loop 
information (if any) for that parallel channel (step 314). The outer loop information 
may include the SNR offset and/or transmission mode adjustment for each of the N c 
parallel channels. The transmission mode selection is described below. The receiver 
sends the N c selected transmission modes for the N c parallel channels, as feedback 
information, to the transmitter (step 316). 

[1044] The transmitter codes and modulates the N c data streams in accordance with 
the N c selected transmission modes (obtained from the receiver) to provide N c 
modulation symbol streams (step 322). The transmitter then processes and transmits the 
N c modulation symbol streams on the N c parallel channels to the receiver (step 324). 
[1045] The receiver processes the data transmissions received on the N c parallel 
channels from the transmitter and obtains N c recovered symbol streams (step 332). The 
receiver further processes the N c recovered symbol streams in accordance with the N c 
selected transmission modes to obtain N c decoded data streams (step 334). The receiver 
also estimates the quality of the data transmission received on each of the N c parallel 
channels, e.g., based on the packet status, decoder metrics, received SNRs, and so on 
(step 336). The receiver then provides outer loop information for each of the N c parallel 
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channels based on the estimated quality for the data transmission received on that 
parallel channel (step 338). hi FIG. 3, steps 312 through 324 may be considered as part 
of the inner loop, and steps 332 through 338 may be considered as part of the outer 
loop. 

[1046] FIG. 4 shows a flow diagram of a process 400 that may be performed for the 
outer loop. The status of data packets received on each of the N c parallel channels is 
obtained and used to adjust the SNR offset and/or transmission mode for that parallel 
channel (step 412). Decoder metrics for each of the Nc parallel channels may also be 
obtained and used to adjust the SNR offset and/or transmission mode for that parallel 
channel (step 414). The received SNR for each of the N c parallel channels may also be 
obtained for each parallel channel and used to compute the SNR margin for that parallel 
channel. The SNR margins for the N c parallel channels may be used to adjust the 
transmission modes for the parallel channels if packet errors are detected (step 416). An 
outer loop may implement any one or any combination of the steps shown in FIG. 4, 
depending on its specific design. 

[1047] The closed-loop rate control techniques described herein may be used for 
various types of multi-channel communication systems having multiple parallel 
channels that may be used for data transmission. For example, these techniques may be 
used for TDM systems, FDM systems, OFDM-based systems, MIMO systems, MIMO 
systems that utilize OFDM (i.e., MLMO-OFDM systems), and so on. 
[1048] A TDM system may transmit data in frames, each of which may be of a 
particular time duration. Each frame may include multiple (N T s) slots that may be 
assigned different slot indices. N c parallel channels may be formed by the N T s slots in 
each frame, where N c < N TS . Each of the N c parallel channels may include one or 

multiple slots. The N c channels are considered "parallel" even though they are not 
transmitted simultaneously. 

[1049] An FDM system may transmit data in (Nsb) frequency subbands, which may 
be arbitrarily spaced. N c parallel channels may be formed by the N S b subbands, where 
N c - n sb • Each of the N c parallel channels may include one or multiple subbands. 
[1050] An OFDM system uses OFDM to effectively partition the overall system 
bandwidth into multiple (N F ) orthogonal subbands, which may also be referred to as 
tones, bins, and frequency channels. Each subband is associated with a respective 
carrier that may be modulated with data. N c parallel channels may be formed by the N F 
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subbands, where N c <N F . The N c parallel channels are formed by Nc disjoints sets of 

one or more subbands. The Nc sets are disjoint in that each of the Nf subbands is 
assigned to only one set (and thus to one parallel channel), if at all. An OFDM system 
may be considered as a specific type of FDM system. 

[1051] A MIMO system employs multiple (N T ) transmit antennas and multiple (Nr) 
receive antennas for data transmission, and is denoted as an (N T , Nr) system. A MIMO 
channel formed by the Nr transmit and Nr receive antennas is composed of Ns spatial 
channels that may be used for data transmission, where N s < mm {N Tf N R } . The 

number of spatial channels is determined by a channel response matrix H that describes 
the response between the Nr transmit and Nr receive antennas. For simplicity, the 
following description assumes that the channel response matrix H is full rank. In this 
case, the number of spatial channels is given as N s = N T <N R . N c parallel channels 
may be formed by the Ns spatial channels, where N c <N S . Each of the N c parallel 
channels may include one or multiple spatial channels. 

[1052] A MIMO-OFDM system has N s spatial channels for each of N F subbands. 
N c parallel channels may be formed by the Ns spatial channels of each of the Nf 
subbands, where N c <N F -N s . Each of the N c parallel channels may include one or 

multiple spatial channels of one or multiple subbands (i.e., any combination of spatial 
channels and subbands). For MIMO and MIMO-OFDM systems, N c parallel channels 
may also be formed by the N T transmit antennas, where N C <N T . Each of the Nc 

parallel channels may be associated with one or multiple transmit antennas for data 
transmission. 

[1053] For MIMO and MIMO-OFDM systems, data may be transmitted on the N s 
spatial channels in various manners. For a partial channel state information (partial- 
CSI) MIMO system, data is transmitted on the N s spatial channels without any spatial 
processing at the transmitter and with spatial processing at the receiver. For a full-CSI 
MIMO system, data is transmitted on the Ns spatial channels with spatial processing at 
both the transmitter and the receiver. For the full-CSI MIMO system, eigenvalue 
decomposition or singular value decomposition may be performed on the channel 
response matrix H to obtain N s "eigenmodes" of the MIMO channel. Data is 
transmitted on the Ns eigenmodes, which are orthogonalized spatial channels. 
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[1054] The closed-loop rate control techniques described herein may be used for 
time division duplex (TDD) systems as well as frequency division duplex (FDD) 
systems. For a TDD system, the downlink and uplink share the same frequency band 
and are likely to observe similar fading and multipath effects. Thus, the channel 
response for each link may be estimated based on a pilot received on either that link or 
the other link. For an FDD system, the downlink and uplink use different frequency 
bands and are likely to observe different fading and multipath effects. The channel 
response for each link may be estimated based on a pilot received on that link. 
[1055] The closed-loop rate control techniques may be used for both partial-CSI and 
full-CSI MIMO systems. These techniques may also be used for the downlink as well 
as the uplink. 

[1056] The closed-loop rate control techniques are now described in detail for an 
exemplary multi-channel communication system, which is a full-CSI TDD MIMO- 
OFDM system. For simplicity, in the following description, the term "eigenmode" and 
"wideband eigenmode" are used to denote the case where an attempt is made to 
orthogonalize the spatial channels, even though it may not be fully successful due to, for 
example, an imperfect channel estimate. 

I. TDD MIMO-OFDM System 

[1057] FIG. 5 shows an exemplary TDD MIMO-OFDM system 500 with a number 
of access points (APs) 510 that support communication for a number of user terminals 
(UTs) 520. For simplicity, only two access points 510a and 510b are shown in FIG. 5. 
An access point may also be referred to as a base station, a base transceiver system, a 
Node B, or some other terminology. A user terminal may be fixed or mobile, and may 
also be referred to as an access terminal, a mobile station, a user equipment (UE), a 
wireless device, or some other terminology. Each user terminal may communicate with 
one or possibly multiple access points on the downlink and/or the uplink at any given 
moment. A system controller 530 couples to access points 510 and provides 
coordination and control for these access points. 

[1058] FIG. 6 shows an exemplary frame structure 600 that may be used in TDD 
MIMO-OFDM system 500. Data transmission occurs in units of TDD frames, each of 
which spans a particular time duration (e.g., 2 msec). Each TDD frame is partitioned 
into a downlink phase and an uplink phase, and each phase is further partitioned into 
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multiple segments for multiple transport channels. In the embodiment shown in FIG. 6, 
the downlink transport channels include a broadcast channel (BCH), a forward control 
channel (FCCH), and a forward channel (FCH), and the uplink transport channels 
include a reverse channel (RCH) and a random access channel (RACH). 
[1059] In the downlink phase, a BCH segment 610 is used to transmit one BCH 
protocol data unit (PDU) 612, which includes a beacon pilot 614, a MIMO pilot 616 ? 
and a BCH message 618. The beacon pilot is a pilot transmitted from all antennas and 
is used for timing and frequency acquisition. The MIMO pilot is a pilot transmitted 
from all antennas but with a different orthogonal code for each antenna in order to allow 
the user terminals to individually identify the antennas. The MIMO pilot is used for 
channel estimation. The BCH message carries system parameters for the user terminals. 
An FCCH segment 620 is used to transmit one FCCH PDU, which carries assignments 
for downlink and uplink resources (e.g., the selected transmission modes for the 
downlink and uplink) and other signaling for the user terminals. An FCH segment 630 
is used to transmit one or more FCH PDUs 632 on the downlink. Different types of 
FCH PDU may be defined. For example, an FCH PDU 632a includes a steered 
reference 634a and a data packet 636a, and an FCH PDU 632b includes only a data 
packet 636b. The steered reference is a pilot that is transmitted on a specific wideband 
eigemnode (as described below) and is used for channel estimation. 
[1060] In the uplink phase, an RCH segment 640 is used to transmit one or more 
RCH PDUs 642 on the uplink. Different types of RCH PDU may also be defined. For 
example, an RCH PDU 642a includes only a data packet 646a, and an RCH PDU 642b 
includes a steered reference 644b and a data packet 646b. An RACH segment 650 is 
used by the user terminals to gain access to the system and to send short messages on 
the uplink. An RACH PDU 652 may be sent in RACH segment 650 and includes a 
pilot (e.g., steered reference) 654 and a message 656. 

[1061] FIG. 6 shows an exemplary frame structure for a TDD system. Other frame 
structures may also be used, and this is within the scope of the invention. 

1. Spatial Processing 

[1062] For a MIMO -OFDM system, the channel response between an access point 
and a user terminal may be characterized by a set of channel response matrices, H(/c) 

for k eK , where K represents the set of all subbands of interest (e.g., K = {1, N F } ). 
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For a TDD MIMO-OFDM system with a shared frequency band, the downlink and 
uplink channel responses may be assumed to be reciprocal of one another. That is, if 
M(/c) represents a channel response matrix from antenna array A to antenna array B for 
subband k, then a reciprocal channel implies that the coupling from array B to array A is 
given by H T (k) , where A r denotes the transpose of A . 

[1063] However, the frequency responses of the transmit and receive chains at the 
access point are typically different from the frequency responses of the transmit and 
receive chains at the user terminal. Calibration may be performed to obtain correction 
matrices used to account for differences in the frequency responses. With these 
correction matrices, the "calibrated" downlink channel response, H cdn (£), observed by 

the user terminal is the transpose of the "calibrated" uplink channel response, H cup (k) , 

observed by the access point, i.e., H cdn (k) = H^ up (k) , for keK . For simplicity, the 

following description assumes that the downlink and uplink channel responses are 
calibrated and reciprocal of one another. 

[1064] On the downlink, a MIMO pilot may be transmitted by the access point (e.g., 
in BCH segment 610) and used by the user terminal to obtain an estimate of the 

calibrated downlink channel response, H cdn (/c), for k e K . The user terminal may 
estimate the calibrated uplink channel response as H cup (k) = H cdn (k) . The user terminal 
may perform singular value decomposition of H cup (£) , for each subband k, as follows: 

S cup (*) = U ap (k)±(k)vl > for k e K , Eq (1) 

where U ap (k) is an (N ap x N ap ) unitary matrix of left eigenvectors of H cup (k) ; 
X(k) is an {N ap x N ut ) diagonal matrix of singular values of H cup (£) ; 

A A 

V ut (k) is an (7V 2/ , x N ut ) unitary matrix of right eigenvectors of H cnn (k) ; 

H 

A is the conjugate transpose of A ; 
N ap is the number of antennas at the access point; and 
N ut is the number of antennas at the user terminal. 
[1065] Similarly, the singular value decomposition of H cdn (k) may be expressed as: 
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lU , for keK, Eq (2) 

where V ut (k) and U ap (k) are unitary matrices of left and right eigenvectors, 

respectively, of H cdn (£) and denotes the complex conjugate. Singular value 

decomposition is described by Gilbert Strang in a book entitled "Linear Algebra and Its 
Applications/' Second Edition, Academic Press, 1980. 

[1066] As shown in equations (1) and (2), the matrices of left and right eigenvectors 
for one link are the complex conjugate of the matrices of right and left eigenvectors, 
respectively, for the other link. The matrices U ap (k) and V ut (k) may be used by the 
access point and the user terminal, respectively, for spatial processing and are denoted 
as such by their subscripts. The matrix t(k) includes singular value estimates that 
represent the gains for the spatial channels (or eigenmodes) of the channel response 
matrix H(A:) for each subband k. 

[1067] Singular value decomposition may be performed independently for the 
channel response matrix H cup (/c) for each subband k to determine the N s eigenmodes of 

that subband. The singular value estimates for each diagonal matrix %(k) may be 
ordered such that {6- x (k)> & 2 (k)> ...>& Ns (k)} , where a t (k) is the largest singular 
value estimate and cx Ng (k) is the smallest singular value estimate for subband k. When 
the singular value estimates for each diagonal matrix £(/c) are ordered, the eigenvectors 
(or columns) of the associated matrices U(/c) and V(/c) are also ordered 
correspondingly. A "wideband eigenmode" may be defined as the set of same-order 
eigenmodes of all subbands after the ordering. Thus, the m-th wideband eigenmode 
includes the m-th eigenmodes of all subbands. The "principal" wideband eigenmode is 
the one associated with the largest singular value estimate in the matrix t(k) for each 
of the subbands. N s parallel channels may be formed by the N s wideband eigenmodes. 
[1068] The user terminal may transmit a steered reference on the uplink (e.g., in 
RCH segment 640 or RACH segment 650 in FIG. 6). The uplink steered reference for 
wideband eigenmode m may be expressed as: 

x up9Sr , OT (*) = Y ut mM (k)p(k) , for k e K , Eq (3) 
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where x^^ft) is a vector of N ut symbols sent from N ut user terminal antennas for 

subband ft of wideband eigenmode m for the steered reference; 
v ut>w (ft) is the m-th column of the matrix V ut (ft) for subband ft, where 

YutW = [Y ut , 1 (^) v utj2 (ft) ... v ut , Nu( (k)] ; and 
j>(ft) is the pilot symbol sent on subband ft. 

The steered reference for all N s wideband eigenmodes may be transmitted in N s OFDM 
symbol periods, or fewer than N s OFDM symbol periods using subband multiplexing. 
The steered reference for each wideband eigenmode may also be transmitted over 
multiple OFDM symbol periods. 

[1069] The received uplink steered reference at the access point may be expressed 
as: 

I up ,sr,, (*) - S cup (ft) y ut>w (k)p(k) + 5up (ft) 

, for k e K , Eq (4) 

* Map,. (X)& m (k)p(k) + Sup (ft) 

where r up sr w (ft) is a vector of N ap symbols received on N ap access point antennas for 

subband ft of wideband eigenmode m for the steered reference; 
Map,m(£) is the m-th column of the matrix U ap (ft) for subband ft, where 

K(k) = [u ap>1 (ft) u apj2 (ft) ... u ap ^ (ft)] ; 
& m (k) is the singular value estimate for subband ft of wideband eigenmode ra, 
i.e., the m-th diagonal element of the matrix E(ft) ; and 

n up (ft) is additive white Gaussian noise (AWGN) for subband ft on the uplink. 

[1070] As shown in equation (4), at the access point, the received steered reference 
(in the absence of noise) is approximately n^ m (k)& m (k)p(k) . The access point can 

thus obtain estimates of both n apm (k) and & m (k) for each subband ft based on the 
received steered reference for that subband. The estimate of a m (ft) for subband ft of 
wideband eigenmode m, & m (ft) , maybe expressed as: 



WO 2004/038986 PCT/US2003/034570 

18 

= II Iup,sr^ W II 2 =2J r u P ,sr, W3 /(^) f ? for k e K and m eM , Eq (5) 

where || a || denotes the 2-norm of a ; 

^up,sr, m j(k) is the z-th element of the vector r upsrm (^) ; and 

M represents the set of all wideband eigenmodes of interest, e.g., M = {1, N s } . 

[1071] The estimate of u ap w (k) for subband k of wideband eigenmode m 9 fi ap w (k) , 
maybe expressed as: 

Ma P ,„« (*) = E-p.sr.m (*) / °~m ( k ) > for k <z K and m € M . Eq (6) 

The double hat for u ap in (A:) and & m (k) indicates that these are estimates of estimates, 

i.e., estimates obtained by the access point for the estimates u (fc) and & m (k) 

obtained by the user terminal. If the steered reference for each wideband eigenmode is 
transmitted over multiple OFDM symbol periods, then the access point can average the 
received steered reference for each wideband eigenmode to obtain more accurate 

estimates of u apBI (k) and & m (k) . 

[1072] Table 1 summarizes the spatial processing at the access point and the user 
terminal for data transmission and reception on multiple wideband eigenmodes. 



Table 1 





Downlink 


Uplink 


Access 
Point 


Transmit : 
5*. <*)=&*(*)»*(*) 


Receive : 
s up (k) = ±\k)£ p (k)r up (k) 


User 
Terminal 


Receive : 
5* = ^ 


Transmit : 



In Table 1, s(Ar) is a "data" vector of modulation symbols (obtained from the symbol 
mapping at the transmitter), x(k) is a "transmit" vector of transmit symbols (obtained 
after spatial processing at the transmitter), r(k) is a "received" vector of received 
symbols (obtained after OFDM processing at the receiver), and s(/c) is an estimate of 
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the vector s(k) (obtained after spatial processing at the receiver), where all of the 
vectors are for subband k. The subscripts "dn" and "up" for these vectors denote 
downlink and uplink, respectively. In Table 1, is a diagonal matrix defined as 

IT 1 (k) = diag (l/a x (k) l/a 2 (k) ... l/a Ns (k)). 

[1073] The steered reference may be transmitted for one wideband eigenmode at a 
time by the user terminal or may be transmitted for multiple wideband eigenmodes 
simultaneously using an orthogonal basis (e.g., Walsh codes). The steered reference for 

each wideband eigenmode may be used by the access point to obtain li (£), for 



k € K , for that wideband eigenmode. If the N s vectors u apBJ (k) of the matrix U ap (k) 

are obtained individually (and over different OFDM symbol periods) for the N s 
eigenmodes of each subband, then, due to noise and other sources of degradation in the 



wireless link, the N s vectors n &pm (k) of the matrix U ap (£) for each subband k are not 



likely to be orthogonal to one another. In this case, the N s vectors of the matrix U ap (&) 

for each subband k may be orthogonalized using QR factorization, polar decomposition, 
or some other techniques. 

[1074] At the access point, a received SNR estimate for subband k of wideband 
eigenmode ra, y^ m {k) , may be expressed as: 



r ap ,m( A: )=— s — - > for teJi: and meM, Eq (7) 

where P up m (/c) is the transmit power used by the user terminal for subband k of 

wideband eigenmode m on the uplink; and 
7V 0 ap is the noise floor at the access point. 

[1075] At the user terminal, a received SNR estimate for subband k of wideband 
eigenmode m, y nttm (k) , may be expressed as: 



P dnm (k)'& 2 (k) 

r«, m (*) = — \ m , former aadmeM, Bq(8) 
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where P^ m (k) is the transmit power used by the access point for subband k of 

wideband eigenmode m on the downlink; and 
ut is the noise floor at the user terminal. 

As shown in equations (7) and (8), the received SNR for each subband of each 
wideband eigenmode, y m (k) , is dependent on the channel gain (which is a m (k) or 

<y m (k) ), the receiver noise floor N 0 9 and the transmit power P m (k) . The received SNR 
may be different for different subbands and eigenmodes. 

[1076] FIG. 7 shows a flow diagram of a process 700 for transmitting multiple data 
streams on multiple wideband eigenmodes on the downlink and uplink in the exemplary 
TDD MIMO-OFDM system. Process 700 assumes that calibration has already been 
performed and that the downlink and uplink channel responses are transpose of one 

another, i.e., H cup (7c) « H cdn (£) . For process 700, channel estimation is performed in 

block 710, transmission mode selection is performed in block 730, and data 
transmission/reception is performed in block 760. 

[1077] For channel estimation, the access point transmits a MEVIO pilot on the 
downlink (e.g., on the BCH) (step 712). The user terminal receives and processes the 

MIMO pilot to obtain an estimate of the calibrated downlink channel response, H cdn (k) , 

for k g K (step 714). The user terminal then estimates the calibrated uplink channel 

response as H cup (k) = H cdn (k) and performs singular value decomposition (SVD) of 

H cup (£) to obtain the matrices E(/c) and V ut (/c) , for k e K , as shown in equation (1) 
(step 716). The user terminal then transmits an uplink steered reference (e.g., on the 
RACH or the RCH) using the matrices V ut (k) , for k e K , as shown in equation (3) 
(step 718). The access point receives and processes the uplink steered reference to 

obtain the matrices t(k) and U ap (&) , for k e K , as described above (step 720). 

[1078] For downlink data transmission, the user terminal selects a transmission 
mode (with the highest supported data rate) for each wideband eigenmode on the 

downlink based on the diagonal matrix t(k) , the noise floor iV 0 ut at the user terminal, 

and downlink outer loop information (e.g., SNR offsets and/or transmission mode 
adjustments for the downlink) (step 740). The transmission mode selection is described 
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below. The user terminal then sends feedback information, which includes the N s 
transmission modes selected by the user terminal for the downlink and may further 
include the noise floor N 0 ut at the user terminal (step 742). (The steered reference 

transmitted in step 718 may also be viewed as feedback information sent by the user 
terminal.) 

[1079] For uplink data transmission, the access point selects N s transmission modes 

for the Ns wideband eigenmodes on the uplink based on the diagonal matrix t(k) 9 the 
noise floor JV 0>ap at the access point, and uplink outer loop information (e.g., SNR 

offsets and/or transmission mode adjustments for the uplink) (step 750). The access 
point further selects the N s transmission modes for the Ns wideband eigenmodes on the 
downlink based on the feedback information received from the user terminal (step 752). 
The access point then sends the selected transmission modes for both the downlink and 
uplink (e.g., on the FCCH) (step 754). The user terminal receives the selected 
transmission modes for both links (step 756). 

[1080] For downlink data transmission, the access point (1) codes and modulates the 
data for each downlink wideband eigenmode in accordance with the transmission mode 
selected for that wideband eigenmode, (2) spatially processes the data vector s dn (£) 

with the matrix U ap (k) , as shown in Table 1, to obtain the transmit vector x dn (k) , for 
k^K, and (3) transmits the vector (k) on the downlink (step 762). The user 
terminal (1) receives the downlink transmission, (2) performs matched filtering on the 
received vector r^(k) with t (£)V ut (£), as also shown in Table 1, to obtain the 
vector s dn (k) , for k e= K , and (3) demodulates and decodes the recovered symbols in 

accordance with the transmission mode selected for each downlink wideband 
eigenmode (step 764). 

[1081] For uplink data transmission, the user terminal (1) codes and modulates the 
data for each uplink wideband eigenmode in accordance with the transmission mode 
selected for that wideband eigenmode, (2) spatially processes the data vector s (k) 

up 

with the matrix V ut (&) to obtain the transmit vector x up (£), for keK, and (3) 
transmits the vector x^k) on the uplink (step 772). The access point (1) receives the 
uplink transmission, (2) performs matched filtering on the received vector r u (k) with 



WO 2004/038986 PCT/US2003/034570 
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recovered symbols in accordance with the transmission mode selected for each uplink 
wideband eigenmode (step 774). For simplicity, the closed-loop operation and the 
transmission mode adjustment by the outer loop are not shown in FIG. 7. 
[1082] FIG. 7 shows a specific embodiment of a process that may be used for 
downlink and uplink data transmission in the exemplary TDD MIMO-OFDM system. 
Other processes may also be implemented whereby the channel estimation, transmission 
mode selection, and/or data transmission/reception may be performed in some other 
manners. 

2. Transmission Mode Selection 

[1083] FIG. 8 shows a flow diagram of a process 800 for selecting N s transmission 
modes for the Ns wideband eigenmodes. Process 800 may be used for steps 740 and 
750 in FIG. 7. Initially, the total transmit power, P total , available at the transmitter for 

data transmission is distributed to the Ns wideband eigenmodes based on a power 
distribution scheme (step 812). The transmit power P m allocated to each wideband 
eigenmode is then distributed to the Nj? subbands of that wideband eigenmode based on 
the same or a different power distribution scheme (step 814). The power distribution 
across the Ns wideband eigenmodes and the power distribution across the Nf subbands 
of each wideband eigenmode may be performed as described below. 
[1084] An operating SNR for each wideband eigenmode, / , is computed based 

on (1) the allocated transmit powers P m (k) and the channel gains c m {k) for the 

subbands of that wideband eigenmode, (2) the noise floor iV 0 at the receiver, and (3) the 

SNR offset for that wideband eigenmode (step 816). The computation of the operating 
SNR is described below. A suitable transmission mode q m is then selected for each 
wideband eigenmode based on the operating SNR for that wideband eigenmode and a 
look-up table (step 818). Excess power for each wideband eigenmode is determined, 
and the total excess power for all wideband eigenmodes is redistributed to one or more 
wideband eigenmodes to improve performance (step 820). The transmission mode for 
each wideband eigenmode may be adjusted (e.g., to the next lower data rate) if directed 
by outer loop information (step 822). Each of the steps in FIG. 8 is described in detail 
below. 
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A. Power Distribution Across Wideband Eigenmodes 

[1085] For step 812 in FIG. 8, the total transmit power, P toUd 9 may be distributed to 

the Ns wideband eigenmodes using various schemes. Some of these power distribution 
schemes are described below. 

[1086] In a uniform power distribution scheme, the total transmit power, P M , is 
distributed uniformly across the N s wideband eigenmodes such that they are all 
allocated equal power. The transmit power P m allocated to each wideband eigenmode 
m maybe expressed as: 

, &r //igM. Eq (9) 

[1087] In a water-filling power distribution scheme, the total transmit power, P total , 
is distributed to the Ns wideband eigenmodes based on a "water-filling" or "water- 

i 

pouring" procedure. The water-filling procedure distributes the total transmit power, 
P M 9 across the Ns wideband eigenmodes such that the overall spectral efficiency is 

maximized. Water-filling is described by Robert G. Gallager in "Information Theory 
and Reliable Communication," John Wiley and Sons, 1968. The water-filling for the N s 
wideband eigenmodes may be performed in various manners, some of which are 
described below. 

[1088] In a first embodiment, the total transmit power, P toM , is initially distributed 
to the N S N F subbands/eigenmodes using water-filling and based on their received 
SNRs, Y m (k) , for k e K and in <e M . The received SNR, y m (k) , may be computed as 
shown in equation (7) or (8) with the assumption of P M being uniformly distributed 
across the N S N F subbands/eigenmodes. The result of this power distribution is an 
initial transmit power, P t ' n (k) , for each subband/eigenmode. The transmit power P m 
allocated to each wideband eigenmode is then obtained by summing the initial transmit 
powers, P/ n (k) , allocated to the N F subbands of that wideband eigenmode, as follows: 



^=ZW) , for meM 



Eq(10) 
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[1089] la a second embodiment, the total transmit power, P M9 is distributed to the 
Ns wideband eigenmodes based on the average SNRs computed for these wideband 
eigenmodes. Initially, the average SNR, 7 avg)W , is computed for each wideband 

eigenmode m based on the received SNRs for the Nf subbands of that wideband 
eigenmode, as follows: 



avg,/n 



1 N> 

- , Eq(ll) 

F Jt-1 



where r m (k) is computed as described above for the first embodiment. Water-filling is 
then performed to distribute the total transmit power, P totsil , across the Ns wideband 
eigenmodes based on their average SNRs, / av&wl , for m e M . 

[1090] In a third embodiment, the total transmit power, P total , is distributed to the Ns 

wideband eigenmodes based on the average SNRs for these wideband eigenmodes after 
channel inversion is applied for each wideband eigenmode. For this embodiment, the 
total transmit power, P total , is first distributed uniformly to the N s wideband eigenmodes. 
Channel inversion is then performed (as described below) independently for each 
wideband eigenmode to determine an initial power allocation, P"( k ) > f° r ea °h subband 

of that wideband eigenmode. After the channel inversion, the received SNR is the same 
across all subbands of each wideband eigenmode. The average SNR for each wideband 
eigenmode is then equal to the received SNR for any one of the subbands of that 
wideband eigenmode. The received SNR, y n m (k) , for one subband of each wideband 

eigenmode can be determined based on the initial power allocation, P"(k) > as shown in 

equation (7) or (8). The total transmit power, P M9 is then distributed to the N s 

wideband eigenmodes using water-filling and based on their average SNRs, y" vg m , for 

m eM . 

[1091] Other schemes may also be used to distribute the total transmit power to the 
Ns wideband eigenmodes, and this is within the scope of the invention. 
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Power Allocation Across Subbands in Each Wideband Eigenmode 

[1092] For step 814 in FIG. 8, the transmit power allocated to each wideband 
eigenmode, P m , may be distributed to the N F subbands of that wideband eigenmode 
using various schemes. Some of these power distribution schemes are described below. 
[1093] In a uniform power distribution scheme, the transmit power for each 
wideband eigenmode, P m , is distributed uniformly across the N F subbands such that they 
are all allocated equal power. The transmit power P m (/c) allocated to each subband 
may be expressed as: 

p 

P m (k) = -f- , fork<=K and m e M . Eq(12) 

iv p 

For the uniform power distribution scheme, the received SNRs for the N F subbands of 
each wideband eigenmode are likely to vary across the subbands. 

[1094] In a channel inversion scheme, the transmit power for each wideband 
eigenmode, P m , is distributed non-uniformly across the N F subbands such that they 
achieve similar received SNRs at the receiver. In the following description, a m (k) 

denotes the estimated channel gain, which is equal to d m (k) for the downlink and 



& m (k) for the uplink. For the channel inversion scheme, a normalization b m is initially 
computed for each wideband eigenmode, as follows: 

K =^r r " , formeM. Eq (13) 



k=l 



The transmit power P m (k) allocated to each subband of each wideband eigenmode may 
then be computed as: 

b ' P 

P m( k ) = > for k ^ K and m <=M . Eq (14) 

A transmit weight, W m (k) , may be computed for each subband of each wideband 
eigenmode, as follows: 



W m (k) = ^P m (k) , for k<=K and meM 



Eq (15) 
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The transmit weights are used to scale modulation symbols at the transmitter. For the 
channel inversion scheme, all N F subbands are used for each wideband eigenmode and 
the received SNRs for the subbands are approximately equal. 

[1095] In a selective channel inversion scheme, the transmit power for each 
wideband eigenmode, P m9 is distributed non-uniformly across selected ones of the N F 
subbands such that the selected subbands achieve similar received SNRs at the receiver. 
The selected subbands are those with channel gains equal to or greater than a gain 
threshold. For this scheme, an average power gain, g m , is initially computed for each 
wideband eigenmode, as follows: 

Sm=TrT* CT m( k ) ' formeM. Eq(16) 

W F k=\ 

A normalization b m is then computed for each wideband eigenmode, as follows: 
~ 1 

b m = = — - — ~ , for /rceM, Eq (17) 

al{k)>fi m g m 

where fi m g m is the gain threshold and J3 m is a scaling factor, which may be selected to 
maximize the overall throughput or based on some other criterion. The transmit power 
allocated to each subband of each wideband eigenmode, P m (k) , may be expressed as: 



r 



if cr 2 m (k)>/3 m g m 



m m , for k^K and meM. Eq(18) 

0 , otherwise 

For the selective channel inversion scheme, N F or fewer subbands may be selected for 
use for each wideband eigenmode and the received SNRs for the selected subbands are 
approximately equal. 

[1096] Other schemes may also be used to distribute the transmit power P m across 
the N F subbands of each wideband eigenmode, and this is within the scope of the 
invention. 
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C. Transmission Mode Selection for Each Wideband Eigenmode 

[1097] For step 816 in FIG. 8, an operating SNR is computed for each wideband 
eigenmode. The operating SNR indicates the transmission capability of the wideband 
eigenmode. Various methods may be used for step 816, depending on whether the 
received SNRs are similar or vary across the subbands of each wideband eigenmode. In 
the following description, SNRs are given in units of decibels (dB). 
[1098] If channel inversion or selective channel inversion is performed, then the 
received SNRs for the subbands of each wideband eigenmode, y m (k) for k e K , are 

similar. The received SNR for subband k of wideband eigenmode m, y m (k) , may be 
computed as: 



r m (*) = ioiog 



10 



N 0 



, for h e K andweM. (dB) Eq (19) 



The operating SNR for each wideband eigenmode, y Qpm , is equal to the received SNR 

for any one of the subbands of that wideband eigenmode minus the SNR offset for that 
wideband eigenmode, as follows: 

r op> m = Ym (*) - r Q s,m > fo r an Y k and m e M , (dB) Eq (20) 

where y m (k) , y osm , and y opm are all given in units of dB in equations (19) and (20). 
[1099] If the transmit power P m for each wideband eigenmode is uniformly 
distributed across the subbands, then the received SNRs for the subbands of each 
wideband eigenmode are likely to vary. In this case, the operating SNR for each 
wideband eigenmode, y opm , maybe computed as: 

y op,m Y<xvg,m Ybo,m Yos,m ' (dB) Eq (21) 

where y av&m is an average of the received SNRs for the N F subbands of wideband 

eigenmode m; and 

y ho m is a back-off factor that accounts for variation in the received SNRs, which 
may be a function of the variance of the received SNRs. 
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[1100] For step 818 in FIG. 8, a suitable transmission mode is selected for each 
wideband eigenmode based on the operating SNR for that wideband eigenmode. The 
system may be designed to support a set of transmission modes. The transmission mode 
having index 0 is for a null data rate (i.e., no data transmission). Each supported 
transmission mode is associated with a particular minimum SNR required to achieve the 
desired level of performance (e.g., 1% PER). Table 2 lists an exemplary set of 14 
transmission modes supported by the system, which are identified by transmission mode 
indices 0 through 13. Each transmission mode is associated with a particular spectral 
efficiency, a particular code rate, a particular modulation scheme, and the minimum 
SNR required to achieve 1% PER for a non-fading, AWGN channel. The spectral 
efficiency refers to the data rate (i.e., the information bit rate) normalized by the system 
bandwidth, and is given in units of bits per second per Hertz (bps/Hz). The spectral 
efficiency for each transmission mode is determined by the coding scheme and the 
modulation scheme for that transmission mode. The code rate and modulation scheme 
for each transmission mode in Table 2 are specific to the exemplary system design. 



Table 2 



Transmission 
Mode 
Index 


Spectral 
Efficiency 

(bps/Hz) 


Code 
Rate 


Modulation 
Scheme 


Required 
SNR 

(dB) 


0 


0.0 








1 


0.25 


1/4 


BPSK 


-1.8 


2 


0.5 


1/2 


BPSK 


1.2 


3 


1.0 


1/2 


QPSK 


4.2 


4 


1.5 


3/4 


QPSK 


6.8 


5 


2.0 


1/2 


16 QAM 


10.1 


6 


2.5 


5/8 


16 QAM 


11.7 


7 


3.0 


3/4 


16 QAM 


13.2 


8 


3.5 


7/12 


64 QAM 


16.2 


9 


4.0 


2/3 


64 QAM 


17.4 


10 


4.5 


3/4 


64 QAM 


18.8 


11 


5.0 


5/6 


64 QAM 


20.0 


12 


6.0 


3/4 


256 QAM 


24.2 


13 


7.0 


7/8 


256 QAM 


26.3 
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[1101] For each supported transmission mode with a non-zero data rate, the required 
SNR is obtained based on the specific system design (i.e., the particular code rate, 
interleaving scheme, modulation scheme, and so on, used by the system for that 
transmission mode) and for an AWGN channel. The required SNR may be obtained by 
computer simulation, empirical measurements, and so on, as is known in the art. A 
look-up table may be used to store the set of supported transmission modes and their 
required SNRs. 

[11 02 J The operating SNR for each wideband eigenmode, y Qwn , may be provided to 
the look-up table, which then provides the transmission mode q m for that wideband 
eigenmode. This transmission mode q m is the supported transmission mode with the 
highest data rate and a required SNR, y r ^ m , that is less than or equal to the operating 
SNR (i.e., y req m < f op>m ). The look-up table thus selects the highest possible data rate for 
each wideband eigenmode based on the operating SNR for that wideband eigenmode. 

D. Reallocation of Transmit Power 

[1103] For step 820 in FIG. 8, the excess transmit power for each wideband 
eigenmode is determined and redistributed to improve performance. The following 
terms are used for the description below: 

• Active wideband eigenmode - a wideband eigenmode with a non-zero data rate (i.e., 
a transmission mode having an index from 1 through 13 in Table 2); 

• Saturated wideband eigenmode - a wideband eigenmode with the maximum data 
rate (i.e., transmission mode having index 13); and 

• Unsaturated wideband eigenmode - an active wideband eigenmode with a non-zero 
data rate less than the maximum data rate (i.e., a transmission mode having an index 
from 1 through 12). 

[1104] The operating SNR for a wideband eigenmode may be less than the smallest 
required SNR in the look-up table (i.e., y opm <-1.8 dB for the transmission modes 

shown in Table 2). In this case, the wideband eigenmode may be shut off (i.e., not 
used) and the transmit power for this wideband eigenmode may be redistributed to other 
wideband eigenmodes. 
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[1105] The selected transmission mode q m for each active wideband eigenmode is 
associated with a required SNR, ^ , that is equal to or lower than the operating SNR, 

ie > Yrewi ^^ap,«- The minimum transmit power required for each active wideband 
eigenmode, P Teqm , may be computed as: 

P m . y je m 

P^m = — — , for m eM . Eq (22) 

The required transmit power is equal to zero (P req m =0) for each wideband eigenmode 
that is shut off (i.e., with transmission mode having index 0 in Table 2). 
[1106] The excess power for each wideband eigenmode, i^ xcesSjW? is the amount of 
allocated power that is over the minimum power needed to achieve the required SNR 
(i- e -> ^excess,™ = P m ~ P r^m )• The tota l excess power for all wideband eigenmodes, P excess , 
maybe computed as: 

^excess ~~ (^m ^req,/H ) ' Eq (23) 

wi=l 

[1107] The total excess power, P excess , may be redistributed in various manners. For 
example, the total excess power, i^ xcess , may be redistributed to one or more wideband 
eigenmodes such that higher overall throughput is achieved. In one embodiment, the 
total excess power, P exeegs , is redistributed to one unsaturated wideband eigenmode at a 
time, starting with the best one having the highest data rate, to move the wideband 
eigenmode to the next higher data rate. In another embodiment, the total excess power, 
Excess > is redistributed to the wideband eigenmode that can achieve the highest increase 
in data rate with the least amount of transmit power. 

[1108] If all wideband eigenmodes are operated at the highest data rate, or if the 
remaining excess power cannot increase the data rate of any wideband eigenmode, then 
the remaining excess power may be redistributed to one, multiple, or all active 
wideband eigenmodes to improve the SNR margins for these wideband eigenmodes. 
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E. Transmission Mode Adjustment 

[1109] For step 822 in FIG. 8, the transmission mode for each wideband eigenmode 
may be adjusted based on information from the outer loop. The selected transmission 
modes for the downlink and uplink wideband eigenmodes may be adjusted using the 
techniques described above for FIG. 2. For example, if excessive packet errors are 
received on a given wideband eigenmode, then the outer loop may provide a 
transmission mode adjustment for that wideband eigertmode. As another example, a 
running average of the received SNRs maybe maintained for each wideband eigenmode 
and used to compute the SNR margin for that wideband eigenmode. If the SNR margin 
for a given wideband eigenmode is negative, then the transmission mode for the 
wideband eigenmode may be adjusted to the next lower data rate. If a packet is 
transmitted across multiple wideband eigenmodes, then the transmission mode for the 
wideband eigenmode with the worse SNR margin may be adjusted to the next lower 
data rate whenever packet errors are detected. In any case, a transmission mode 
adjustment may direct the selection of another transmission mode with a lower data rate 
than the one selected in step 818. 

II. MIMO-OFDM System 

[1110] FIG. 9 A shows a block diagram of an embodiment of an access point 510x 
and a user terminal 520x in the exemplary TDD MIMO-OFDM system. Access point 
51 Ox is one of access points 510 in FIG. 5, and user terminal 520x is one of user 
terminals 520. FIG. 9A shows the processing for downlink transmission. In this case, 
access point 51 Ox is transmitter 1 10 in FIG. 1 and user terminal 520x is receiver 150. 
[1111] For downlink transmission, at access point 51 Ox, traffic data is provided 
from a data source 912 to a TX data processor 920, which demultiplexes the traffic data 
into N c data streams, where iV c > 1 . Traffic data may come from multiple data sources 

(e.g., one data source for each higher layer application) and the demultiplexing may not 
be needed. For simplicity, only one data source 912 is shown in FIG. 9 A. TX data 
processor 920 formats, codes, interleaves, modulates, and scales each data stream in 
accordance with the transmission mode selected for that data stream to provide a 
corresponding scaled modulation symbol stream. The data rate, coding, and modulation 
for each data stream may be determined by a data rate control, a coding control, and a 
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modulation control, respectively, provided by a controller 940. TX data processor 920 
provides Nc scaled modulation symbol streams to a TX spatial processor 928. 
[1112] TX spatial processor 928 processes the Nc scaled modulation symbol 
streams based on a selected transmission scheme, multiplexes in pilot symbols, and 
provides N ap transmit symbol streams to N ap transmitter units (TMTR) 930a through 
930ap. The selected transmission scheme may be for transmit diversity, spatial 
multiplexing, or beam-steering. Transmit diversity entails transmitting data redundantly 
from multiple antennas and/or on multiple subbands to obtain diversity and improve 
reliability. A space-time transmit diversity (STTD) may be used for transmit diversity. 
Beam-steering entails transmitting data on a single (best) spatial channel at full power 
using the phase steering information for the principal eigenmode. Spatial multiplexing 
entails transmitting data on multiple spatial channels to achieve higher spectral 
efficiency. The spatial processing for spatial multiplexing is shown in Table 1. Each 
transmitter unit 930 performs OFDM processing on its transmit symbol stream to 
provide a corresponding OFDM symbol stream, which is further processed to generate a 
modulated signal. The N ap modulated signals from transmitter units 930a through 
930ap are then transmitted via iV^ antennas 932a through 932ap, respectively. 
[1113] At user terminal 520x, the N ap transmitted signals are received by each of N ut 
antennas 952a through 952ut, and the received signal from each antenna is provided to 
an associated receiver unit (RCVR) 954. Each receiver unit 954 conditions and 
digitizes its received signal to provide a stream of samples, which is further processed to 
provide a corresponding stream of received symbols. Receiver units 954a through 
954ut provide N ut received symbol streams to an RX spatial processor 962, which 
performs spatial processing based on the selected transmission scheme (e.g., as shown 
in Table 1 for spatial multiplexing). RX spatial processor 962 provides Nc recovered 
symbol streams, which are estimates of the Nc modulation symbol streams transmitted 
by access point 51 Ox. An RX data processor 964 then demodulates, deinterleaves, and 
decodes each recovered symbol stream in accordance with the selected transmission 
mode to provide corresponding decoded data streams, which are estimates of the data 
streams transmitted by access point 51 Ox. The processing by RX spatial processor 962 
and RX data processor 964 is complementary to that performed by TX spatial processor 
928 and TX data processor 920, respectively, at access point 51 Ox. 
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[1114] A channel estimator 974 obtains estimates of one or more channel 
characteristics of the downlink and provides channel estimates to a controller 970. The 
channel estimates may be for channel gains, noise floor N 0 vt , and so on. RX data 

processor 964 may provide the status of each received data packet. Based on the 
various types of information received from channel estimator 974 and RX data 
processor 964, controller 970 determines a transmission mode for each of the multiple 
parallel channels on the downlink using the techniques described above. Each parallel 
channel may correspond to a wideband eigenmode (as described above) or some other 
combination of subbands and eigenmodes. Controller 970 provides feedback 
information, which may include the N c selected transmission modes for the downlink, 
the channel estimates, the terminal noise floor, ACKs and/or NAKs for the receive data 
packets, and so on, or any combination thereof. The feedback information is processed 
by a TX data processor 978 and a TX spatial processor 980, multiplexed with a steered 
reference, conditioned by transmitter units 954a through 954ut, and transmitted via 
antennas 952a through 952ut to access point 51 Ox. 

[1115] At access point 51 Ox, the N ut transmitted signals from user terminal 520x are 
received by antennas 932a through 932ap, conditioned by receiver units 930a through 
930ap, and processed by an RX spatial processor 934 and an RX data processor 936 to 
recover the feedback information sent by user terminal 520x. The feedback information 
is then provided to controller 940 and used to control the processing of the N c data 
streams sent to user terminal 520x. For example, the data rate, coding, and modulation 
of each downlink data stream may be determined based on the transmission mode 
selected by user terminal 520x. The received ACK/NAK may be used to initiate either 
a full retransmission or an incremental transmission of each data packet received in 
error by user terminal 520x. For an incremental transmission, a small portion of a data 
packet received in error is transmitted to allow user terminal 520x to recover the packet. 
[1116] A channel estimator 944 obtains channel gain estimates based on the 
received steered reference. The channel gain estimates are provided to controller 940 
and used (possibly along with the user terminal noise floor N 0ut estimate) to derive 

transmit weights for the downlink. Controller 940 provides the data rate controls to data 
source 912 and TX data processor 920. Controller 940 further provides the coding and 
modulation controls and the transmit weights to TX data processor 920. The channel 
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estimation and transmission mode selection for downlink transmission may be 
performed as described above. 

[1117] Controllers 940 and 970 direct the operation at access point 510x and user 
terminal 520x, respectively. Memory units 942 and 972 provide storage for program 
codes and data used by controllers 940 and 970, respectively. 

[1118] JIG. 9B shows access point 51 Ox and user terminal 520x for uplink 
transmission. In this case, user terminal 520x is transmitter 110 in FIG. 1 and access 
point 51 Ox is receiver 150. The channel estimation and transmission mode selection for 
uplink transmission may be performed as described above. The data processing at 
access point 5 1 Ox and user terminal 520x for uplink transmission may be performed in a 
manner similar to that described above for downlink transmission. The spatial 
processing at access point 51 Ox and user terminal 520x for uplink transmission may be 
performed as shown in Table 1 . 

A. Transmitter and Receiver Subsystems 

[1119] For clarity, the processing at access point 51 Ox and user terminal 520x for 
downlink transmission is described in further detail below. 

[1120] FIG. 10 shows a block diagram of a transmitter subsystem 1000, which is an 
embodiment of the transmitter portion of access point 51 Ox. For this embodiment, TX 
data processor 920 includes a demultiplexer (Demux) 1010, N c encoders 1012a through 
1012s, N c channel interleavers 1014a through 1014s, N c symbol mapping units 1016a 
through 1016s, and N c signal scaling units 1018a through 1018s (i.e., one set of 
encoder, channel interleaver, symbol mapping unit, and signal scaling unit for each of 
the N c data streams). Demultiplexer 1010 demultiplexes the traffic data (i.e., the 
information bits) into N c data streams, where each data stream is provided at the data 
rate indicated by the data rate control. Demultiplexer 1010 may be omitted if traffic 
data is already provided as N c data streams. 

[1121] Each encoder 1012 receives and codes a respective data stream based on the 
selected coding scheme (as indicated by the coding control) to provide code bits. Each 
data stream may carry one or more data packets, and each data packet is typically coded 
separately to obtain a coded data packet. The coding increases the reliability of the data 
transmission. The selected coding scheme may include any combination of CRC 
coding, convolutional coding, turbo coding, block coding, and so on. The code bits 
from each encoder 1012 are provided to a respective channel interleaver 1014, which 
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interleaves the code bits based on a particular interleaving scheme. If the interleaving is 
dependent on transmission mode, then controller 940 provides an interleaving control 
(as indicated by the dashed line) to channel interleaver 1014. The interleaving provides 
time, frequency, and/or spatial diversity for the code bits. 

[1122] The interleaved bits from each channel interleaver 1014 are provided to a 
respective symbol mapping unit 1016, which maps the interleaved bits based on the 
selected modulation scheme (as indicated by the modulation control) to provide 
modulation symbols. Unit 1016 groups each set of B interleaved bits to form a B-bit 
binary value, where B > 1 , and further maps each B-bit value to a specific modulation 
symbol based on the selected modulation scheme (e.g., QPSK, M-PSK, or M-QAM, 

where M = 2 B ). Each modulation symbol is a complex value in a signal constellation 
defined by the selected modulation scheme. The modulation symbols from each symbol 
mapping unit 1016 are then provided to a respective signal scaling unit 1018, which 
scales the modulation symbols with the transmit weights, W m (k) for k e K , to achieve 

channel inversion and power distribution. Signal scaling units 1018a through 1018s 
provide Nc scaled modulation symbol streams. 

[1123] Each data stream is transmitted on a respective parallel channel that may 
include any number and any combination of subbands, transmit antennas, and spatial 
channels. For example, one data stream may be transmitted on all usable subbands of 
each wideband eigenmode, as described above. TX spatial processor 928 performs the 
required spatial processing, if any, on the Nc scaled modulation symbol streams and 
provides N ap transmit symbol streams. The spatial processing may be performed as 
shown in Table 1 . 

[1124] For a transmission scheme whereby one data stream is transmitted on all 
subbands of each wideband eigenmode (for a full-CSI MIMO system, as described 
above), N s sets of encoder 1012, channel interleaver 1014, symbol mapping unit 1016, 
and signal scaling unit 1018 may be used to process Ns data streams (where 
N c =N S - N ap < N ut for a full rank channel response matrix) to provide Nap scaled 

modulation symbol streams. TX spatial processor 928 then performs spatial processing 
on the N ap scaled modulation symbol streams, as shown in Table 1, to provide the N ap 
transmit symbol streams. 

[1125] For a transmission scheme whereby one data stream is transmitted on all 
subbands of each transmit antenna (for a partial-CSI MIMO system), N ap sets of encoder 
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1012, channel interleaver 1014, symbol mapping unit 1016, and signal scaling unit 1018 
may be used to process N ap data streams (where N c = N ) to provide N ap scaled 

modulation symbol streams. TX spatial processor 928 then simply passes each scaled 
modulation symbol stream as a transmit symbol stream. Since spatial processing is not 
performed for this transmission scheme, each transmit symbol is a modulation symbol. 
[1126] In general, TX spatial processor 928 performs the appropriate 
demultiplexing and/or spatial processing of the scaled modulation symbols to obtain 
transmit symbols for the parallel channel used for each data stream. TX spatial 
processor 928 further multiplexes pilot symbols with the transmit symbols, e.g., using 
time division multiplex (TDM) or code division multiplex (CDM). The pilot symbols 
may be sent in all or a subset of the subbands/eigenmodes used to transmit traffic data. 
TX spatial processor 928 provides N ap transmit symbol streams to N ap transmitter units 
930a through 930ap. 

[1127] Each transmitter unit 930 performs OFDM processing on a respective 
transmit symbol stream and provides a corresponding modulated signal. The OFDM 
processing typically includes (1) transforming each set of Nf transmit symbols to the 
time domain using an Ni?-point inverse fast Fourier transform (IFFT) to obtain a 
"transformed" symbol that contains Np samples and (2) repeating a portion of each 
transformed symbol to obtain an OFDM symbol that contains N F 4- N cp samples. The 

repeated portion is referred to as the cyclic prefix, and N cp indicates the number of 

samples being repeated. The OFDM symbols are further processed (e.g., converted to 
one or more analog signals, amplified, filtered, and frequency upconverted) by 
transmitter unit 930 to generate the modulated signal. Other designs for transmitter 
subsystem 1000 may also be implemented and are within the scope of the invention. 
[1128] Controller 940 may perform various functions related to closed-loop rate 
control for the downlink and uplink (e.g., transmission mode selection for the uplink 
and transmit weight computation for the downlink). For uplink transmission, controller 
940 may perform process 800 in FIG. 8 and selects a transmission mode for each of the 
multiple parallel channels on the uplink. Within controller 940, a power allocation unit 
1042 distributes the total transmit power, .P tota -| , to the multiple parallel channels (e.g.? 

A 

based on the channel gain estimates & m (k) and the noise floor estimate N 0 ap for the 
access point). A channel inversion unit 1044 performs channel inversion for each 
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parallel channel. A transmission mode (TM) selector 1046 selects a suitable 
transmission mode for each parallel channel. Memory unit 942 may store a look-up 
table 1048 for supported transmission modes and their required SNRs (e.g., as shown in 
Table 2). For downlink transmission, controller 940 may also perform process 800 in 
FIG. 8 to determine the transmit power for each subband of each wideband eigenmode 
and computes the transmit weights used for scaling modulation symbols prior to 
transmission on the downlink. 

[1129] FIG. 11 shows a block diagram of a receiver subsystem 1100, which is an 
embodiment of the receiver portion of user terminal 520x. The N ap transmitted signals 
from access point 51 Ox are received by antennas 952a through 952ut, and the received 
signal from each antenna is provided to a respective receiver unit 954. Each receiver 
unit 954 conditions and digitizes its received signal to obtain a stream of samples, and 
further performs OFDM processing on the samples. The OFDM processing at the 
receiver typically includes (1) removing the cyclic prefix in each received OFDM 
symbol to obtain a received transformed symbol and (2) transforming each received 
transformed symbol to the frequency domain using a fast Fourier transform (FFT) to 
obtain a set of Nf received symbols for the Np subbands. The received symbols are 
estimates of the transmit symbols sent by access point 51 Ox. Receiver units 954a 
through 954ut provide N ut received symbol streams to RX spatial processor 962. 
[1130] RX spatial processor 962 performs spatial or space-time processing on the 
Nut received symbol streams to provide Nc recovered symbol streams. RX spatial 
processor 962 may implement a linear zero-forcing (ZIf) equalizer (which is also 
referred to as a channel correlation matrix inversion (CCMI) equalizer), a minimum 
mean square error (MMSE) equalizer, an MMSE linear equalizer (MMSE-LE), a 
decision feedback equalizer (DFE), or some other equalizer. 

[1131] RX data processor 964 receives the Nc recovered symbol streams from RX 
spatial processor 962. Each recovered symbol stream is provided to a respective symbol 
demapping unit 1 132, which demodulates the recovered symbols in accordance with the 
modulation scheme used for that stream, as indicated by a demodulation control 
provided by controller 970. The demodulated data stream from each symbol demapping 
unit 1132 is de-interleaved by an associated channel de-interleaver 1134 in a manner 
complementary to that performed at access point 51 Ox for that data stream. If the 
interleaving is dependent on transmission mode, then controller 970 provides a 
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deinterleaving control to channel de-interleaver 1134, as indicated by the dashed line. 
The de-interleaved data from each channel de-interleaver 1134 is decoded by an 
associated decoder 1136 in a manner complementary to that performed at access 
point5 lOx, as indicated by a decoding control provided by controller 970. For example, 
a turbo decoder or a Viterbi decoder may be used for decoder 1136 if turbo or 
convolutional coding, respectively, is performed at access point 51 Ox. Decoder 1136 
may also provide the status of each received data packet (e.g., indicating whether the 
packet was received correctly or in error). Decoder 1136 may further store demodulated 
data for packets decoded in error, so that this data may be combined with additional data 
from a subsequent incremental transmission and decoded. 

[1132] In the embodiment shown in FIG. 11, channel estimator 974 estimates the 
channel response and the noise floor at user terminal 520x (e.g., based on the received 
pilot symbols) and provides the channel estimates to controller 970. Controller 970 
performs various functions related to closed-loop rate control for both the downlink and 
uplink (e.g., transmission mode selection for the downlink and transmit weight 
computation for the uplink). For downlink transmission, controller 970 may perform 
process 800 in FIG. 8. Within controller 970, a power allocation unit 1172 distributes 
the total transmit power, P totaIjdn9 to the multiple parallel channels (e.g., based on the 

channel gain estimates & m (k) and the noise floor N 0 ut estimate for the user terminal). 

A channel inversion unit 1174 performs channel inversion for each of the multiple 
parallel channels. A transmission mode (TM) selector 1176 selects a suitable 
transmission mode for each parallel channel. Memory unit 972 may store a look-up 
table 1 178 for supported transmission modes and their required SNRs (e.g., as shown in 
Table 2). Controller 970 provides N c selected transmission modes for the N c parallel 
channels on the downlink, which may be part of the feedback information sent to access 
point 51 Ox. For uplink transmission, controller 970 may also perform process 800 in 
FIG. 8 to determine the transmit power for each subband of each wideband eigenmode 
and computes the transmit weights used for scaling modulation symbols prior to 
transmission on the uplink. 

[1133] For clarity, transmitter subsystem 1000 has been described for access point 
510x and receiver subsystem 1100 has been described for user terminal 520x. 
Transmitter subsystem 1000 may also be used for the transmitter portion of user 
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terminal 520x, and receiver subsystem 1 100 may also be used for the receiver portion of 
access point 51 Ox. . 

B. Downlink and Uplink Rate Control 

[1134] FIG. 12A shows a process for performing closed-loop rate control for the 
downlink based on the frame structure shown in FIG. 6. A BCH PDU is transmitted in 
the first segment of each TDD frame (see FIG. 6) and includes the MEMO pilot that can 
be used by the user terminal to estimate and track the downlink. A steered reference 
may also be sent in the preamble of an FCH PDU sent to the user terminal. The user 
terminal estimates the downlink based on the MIMO pilot and/or the steered reference 
and selects a suitable transmission mode (with the highest supported data rate) for each 
downlink wideband eigenmode (i.e., each parallel channel). The user terminal then 
sends these transmission modes as "proposed" transmission modes for the downlink in 
an RCH PDU sent to the access point. 

[1135] The access point receives the proposed transmission modes from the user 
terminal and schedules data transmission on the downlink in subsequent TDD frame(s). 
The access point selects the transmission modes for the downlink, which may be the 
ones received from the user terminal or some other transmission modes (with lower data 
rates), depending on system loading and other factors. The access point sends 
assignment information for the user terminal (which includes the transmission modes 
selected by the access point for downlink transmission) on the FCCH. The access point 
then transmits data on the FCH to the user terminal using the selected transmission 
modes. The user terminal receives the assignment information and obtains the 
transmission modes selected by the access point. The user terminal then processes the 
downlink transmission in accordance with the selected transmission mode. For the 
embodiment shown in FIG. 12A, the delay between the channel estimation and 
transmission mode selection by the user terminal and the use of these transmission 
modes for downlink transmission is typically one TDD frame, but may be different 
depending on applications, system configurations, and other factors. 
[1136] FIG. 12B shows a process for performing closed-loop rate control for the 
uplink based on the frame structure shown in FIG. 6. The user terminal transmits a 
steered reference on the RACH during system access and on the RCH upon being 
assigned FCH/RCH resources (see FIG. 6). The access point estimates the uplink based 
on the received steered reference and selects a suitable transmission mode for each 
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uplink wideband eigenmode. The access point sends assignment information for the 
user terminal (which includes the transmission modes selected for uplink transmission) 
on the FCCH. The user terminal transmits data on the RCH to the access point using 
the selected transmission modes. The access point processes the uplink transmission in 
accordance with the selected transmission modes. 

[1137] The closed-loop rate control techniques described herein may be 
implemented by various means. For example, these techniques may be implemented in 
hardware, software, or a combination thereof. For a hardware implementation, the 
elements used for closed-loop rate control at the transmitter and the receiver (e.g., 
controllers 940 and 970) may be implemented within one or more application specific 
integrated circuits (ASICs), digital signal processors (DSPs), digital signal processing 
devices (DSPDs), programmable logic devices (PLDs), field programmable gate arrays 
(FPGAs), processors, controllers, micro-controllers, microprocessors, other electronic 
units designed to perform the functions described herein, or a combination thereof. 
[1138] For a software implementation, portions of the closed-loop rate control may 
be implemented with modules (e.g., procedures, functions, and so on) that perform the 
functions described herein. The software codes may be stored in a memory unit (e.g., 
memory unit 942 or 972 in FIGS. 9A and 9B) and executed by a processor (e.g., 
controller 940 or 970). The memory unit may be implemented within the processor or 
external to the processor, in which case it can be communicatively coupled to the 
processor via various means as is known in the art. 

[1139] Headings are included herein for reference and to aid in locating certain 
sections. These headings are not intended to limit the scope of the concepts described 
therein under, and these concepts may have applicability in other sections throughout 
the entire specification. 

[1140] The previous description of the disclosed embodiments is provided to enable 
any person skilled in the art to make or use the present invention. Various 
modifications to these embodiments will be readily apparent to those skilled in the art, 
and the generic principles defined herein may be applied to other embodiments without 
departing from the spirit or scope of the invention. Thus, the present invention is not 
intended to be limited to the embodiments shown herein but is to be accorded the widest 
scope consistent with the principles and novel features disclosed herein. 
WHAT IS CLAIMED IS: 
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CLAIMS 

1. A method of transmitting data on a plurality of parallel channels in a 
wireless communication system, comprising: 

obtaining channel estimates for each of the plurality of parallel channels; 

selecting a transmission mode for each of the plurality of parallel channels based 
on the channel estimates for the parallel channel, wherein the transmission mode for 
each of the plurality of parallel channels indicates a data rate for the parallel channel; 
and 

sending the transmission mode for each of the plurality of parallel channels to a 
transmitting entity, wherein a data transmission on each of the plurality of parallel 
channels is processed at the transmitting entity in accordance with the transmission 
mode selected for the parallel channel. 

V) 

2. The method of claim 1, further comprising: 

receiving data transmissions on the plurality of parallel channels from the 
transmitting entity; and 

processing the data transmissions in accordance with the transmission mode 
selected for each of the plurality of parallel channels to recover data sent on the parallel 
channel. 

3. The method of claim 1, wherein the channel estimates for each of the 
plurality of parallel channels include at least one channel gain estimate and a noise floor 
estimate for the parallel channel. 

4. The method of claim 1, wherein the selecting includes 

determining a received signal-to-noise ratio (SNR) for each of the plurality of 
parallel channels based on the channel estimates for the parallel channel, and wherein 
the transmission mode for each of the plurality of parallel channels is selected based on 
the received SNR for the parallel channel. 
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5. The method of claim 4, wherein the selecting further includes 
determining an SNR offset for each of the plurality of parallel channels, and 

wherein the transmission mode for each of the plurality of parallel channels is further 
selected based on the SNR offset for the parallel channel. 

6. The method of claim 5, wherein the selecting further includes 
determining an operating SNR for each of the plurality of parallel channels 

based on the received SNR and the SNR offset for the parallel channel, and wherein the 
transmission mode for each of the plurality of parallel channels is selected based on the 
operating SNR for the parallel channel. 

7. The method of claim 6, wherein the transmission mode for each of the 
plurality of parallel channels is further selected based on a set of required SNRs for a set 
of transmission modes supported by the system. 

8. The method of claim 1, further comprising: 

estimating the quality of the data transmission received on each of the plurality 
of parallel channels, and wherein the transmission mode for each of the plurality of 
parallel channels is further selected based on the estimated quality of the data 
transmission received on the parallel channel. 

i 

9. The method of claim 5, further comprising: 

adjusting the SNR offset for each of the plurality of parallel channels based on 
status of data packets received on the parallel channel. 

10. The method of claim 5, further comprising: 

adjusting the SNR offset for each of the plurality of parallel channels based on at 
least one decoder metric maintained for the parallel channel. 

1 1 . The method of claim 1 , further comprising: 

detecting for packet errors for each of the plurality of parallel channels; and 
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adjusting the transmission mode for each of the plurality of parallel channels 
based on the packet errors for the parallel channel. 

12. The method of claim 4, further comprising: 

determining an SNR margin for each of the plurality of parallel channels based 
on the received SNR and a required SNR for the parallel channel; and 

adjusting the transmission mode for each of the plurality of parallel channels 
based on SNR margins for the plurality of parallel channels. 

13. The method of claim 6, further comprising: 

distributing total transmit power to the plurality of parallel channels, and 
wherein the operating SNR for each of the plurality of parallel channels is further 
determined based on transmit power distributed to the parallel channel. 

14. The method of claim 13, wherein the total transmit power is uniformly 
distributed to the plurality of parallel channels. 

15. The method of claim 13, wherein the total transmit power is distributed 
to the plurality of parallel channels using a water-filling procedure. 

16. The method of claim 13, further comprising: 

determining excess power for each of the plurality of parallel channels based on 
the operating SNR for the parallel channel, a required SNR for the transmission mode 
selected for the parallel channel, and the transmit power distributed to the parallel 
channel; 

accumulating the excess power for each of the plurality of parallel channels to 
obtain total excess power for the plurality of parallel channels; and 

redistributing the total excess power to at least one of the plurality of parallel 
channels. 

17. The method of claim 16, wherein the total excess power is redistributed 
evenly to unsaturated parallel channels among the plurality of parallel channels, where 
the unsaturated parallel channels have data rates greater than zero and less than a 
maximum data rate. 
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18. The method of claim 16, wherein the total excess power is redistributed 
to one parallel channel, selected from among the plurality of parallel channels, that can 
achieve a highest increase in data rate with the total excess power. 

19. The method of claim 13, wherein each of the plurality of parallel 
channels includes a plurality of subbands, the method further comprising: 

distributing the transmit power for each of the plurality of parallel channels 
across the plurality of subbands of the parallel channel to achieve similar received SNRs 
for the plurality of subbands. 

20. The method of claim 13, wherein each of the plurality of parallel 
channels includes a plurality of subbands, the method further comprising: 

distributing the transmit power for each of the plurality of parallel channels 
uniformly across the plurality of subbands of the parallel channel. 

21. The method of claim 1, wherein the wireless communication system is an 
orthogonal frequency division multiplex (OFDM) communication system, and wherein 
the plurality of parallel channels are formed by a plurality of disjoint sets of subbands. 

22. The method of claim 1, wherein the wireless communication system is a 
frequency division multiplex (FDM) communication system, and wherein the plurality 
of parallel channels are formed by a plurality of frequency subbands. 

23. The method of claim 1, wherein the wireless communication system is a 
time division multiplex (TDM) communication system, and wherein the plurality of 
parallel channels are formed by a plurality of time slots. 

24. The method of claim 1, wherein the wireless communication system is a 
multiple-input multiple-output (MIMO) communication system, and wherein the 
plurality of parallel channels are formed by a plurality of spatial channels. 

25. The method of claim 1, wherein the wireless communication system is a 
multiple-input multiple-output (MIMO) communication system with orthogonal 
frequency division multiplex (OFDM). 
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26. The method of claim 25, wherein the plurality of parallel channels are 
formed by a plurality of wideband spatial channels, and wherein each of the plurality of 
parallel channels includes a plurality of subbands. 

27. The method of claim 25, wherein the channel estimates for each of the 
plurality of parallel channels are obtained based on a pilot transmitted from each of a 
plurality of antennas by the transmitting entity. 

28. The method of claim 25, wherein the channel estimates for each of the 
plurality of parallel channels are obtained based on a steered reference transmitted from 
a plurality of antennas by the transmitting entity. 

29. An apparatus in a wireless communication system, comprising: 

means for obtaining channel estimates for each of a plurality of parallel 
channels; 

means for selecting a transmission mode for each of the plurality of parallel 
channels based on the channel estimates for the parallel channel, wherein the 
transmission mode for each of the plurality of parallel channels indicates a data rate for 
the parallel channel; and 

means for sending the transmission mode for each of the plurality of parallel 
channels to a transmitting entity, wherein a data transmission on each of the plurality of 
parallel channels is processed at the transmitting entity in accordance with the 
transmission mode selected for the parallel channel. 

30. The apparatus of claim 29, further comprising: 

means for receiving data transmissions on the plurality of parallel channels from 
the transmitting entity; and 

means for processing the received data transmissions in accordance with the 
transmission mode selected for each of the plurality of parallel channels to recover data 
sent on the parallel channel. 

< 

31. The apparatus of claim 29, wherein the means for selecting includes 
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means for determining a received signal-to-noise ratio (SNR) for each of the 
plurality of parallel channels based on the channel estimates for the parallel channel, 
. and wherein the transmission mode for each of the plurality of parallel channels is 
selected based on the received SNR for the parallel channel. 

32. The apparatus of claim 29, further comprising: 

means for estimating the quality of the data transmission received on each of the 
plurality of parallel channels, and wherein the transmission mode for each of the 
plurality of parallel channels is further selected based on the estimated quality of the 
data transmission received on the parallel channel. 

33. An apparatus in a wireless communication system, comprising: 

a channel estimator operative to obtain channel estimates for each of a plurality 
of parallel channels; and 

a controller operative to select a transmission mode for each of the plurality of 
parallel channels based on the channel estimates for the parallel channel, wherein the 
transmission mode for each of the plurality of parallel channels indicates a data rate for 
the parallel channel, and wherein a data transmission on each of the plurality of parallel 
channels is processed at a transmitting entity in accordance with the transmission mode 
selected for the parallel channel. 

34. The apparatus of claim 33, further comprising: 

a receive (RX) data processor operative to receive data transmissions on the 
plurality of parallel channels and to process the received data transmissions in 
accordance with the transmission mode selected for each of the plurality of parallel 
channels to recover data sent on the parallel channel. 

35. The apparatus of claim 33, wherein the controller is operative to 
determine a received signal-to-noise ratio (SNR) for each of the plurality of parallel 
channels based on the channel estimates for the parallel channel and to select the 
transmission mode for each parallel channel based on the received SNR for the parallel 
channel. 
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36. The apparatus of claim 33, wherein the controller is operative to obtain 
an estimate of the quality of the data transmission received on each of the plurality of 
parallel channels and to adjust the transmission mode for each parallel channel based on 
the estimated quality of the data transmission received on the parallel channel. 

37. A method of transmitting data on a plurality of parallel channels in a 
wireless communication system, comprising: 

receiving feedback information from a receiving entity, wherein the feedback 
information is indicative of the quality of the plurality of parallel channels; 

determining a transmission mode for each of the plurality of parallel channels 
based on the feedback information, wherein the transmission mode for each of the 
plurality of parallel channels indicates a data rate for the parallel channel; 

processing data for each of the plurality of parallel channels in accordance with 
the transmission mode for the parallel channel; and 

transmitting the processed data for each of the plurality of parallel channels on 
the parallel channel to the receiving entity. 

38. The method of claim 37, wherein the transmission mode for each of the 
plurality of parallel channels is selected by the receiving entity based on channel 
estimates obtained for the parallel channel, and wherein the feedback information 
includes a plurality of transmission modes selected by the receiving entity for the 
plurality of parallel channels. 

39. The method of claim 37, further comprising: 

obtaining channel gain estimates for each of the plurality of parallel channels, 
and wherein the transmission mode for each of the plurality of parallel channels is 
determined based on the channel gain estimates for the parallel channel and a noise 
floor estimate for the parallel channel included in the feedback information from the 
receiving entity. 

40. The method of claim 39, wherein the channel gain estimates for each of 
the plurality of parallel channels are obtained based on a steered reference received from 
the receiving entity. 
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41. The method of claim 37, further comprising: 

receiving an adjustment to the transmission mode for a first parallel channel 
among the plurality of parallel channels; and 

processing data for the first parallel channel in accordance with the adjustment 
to the transmission mode for the first parallel channel. 

42. The method of claim 41, wherein the adjustment to the transmission 
mode for the first parallel channel is determined based on packet errors detected for the 
first parallel channel. 

43. The method of claim 41, wherein the adjustment to the transmission 
mode for the first parallel channel is determined based on a received signal-to-noise 
ratio (SNR) and a required SNR for the first parallel channel. 

44. The method of claim 37, further comprising: 

computing, for each of the plurality of parallel channels, a plurality of transmit 
weights for a plurality of subbands of the parallel channel, wherein the plurality of 
transmit weights achieve similar received signal-to-noise ratios (SNRs) for the plurality 
of subbands of the parallel channel; and 

scaling the processed data for each of the plurality of parallel channels with the 
plurality of transmit weights for the parallel channel, and wherein the scaled and 
processed data for each of the plurality of parallel channels is transmitted on the parallel 
channel. 
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45. An apparatus in a wireless communication system, comprising: 

means for receiving feedback information from a receiving entity, wherein the 
feedback information is indicative of the quality of the plurality of parallel channels; 

means for determining a transmission mode for each of a plurality of parallel 
channels based on the feedback information, wherein the transmission mode for each of 
the plurality of parallel channels indicates a data rate for the parallel channel; 

means for processing data for each of the plurality of parallel channels in 
accordance with the transmission mode for the parallel channel; and 

means for transmitting the processed data for each of the plurality of parallel 
channels on the parallel channel. 

46. The apparatus of claim 45, further comprising: 

means for obtaining channel gain estimates for each of the plurality of parallel 
channels, and wherein the transmission mode for each of the plurality of parallel 
channels is determined based on the channel gain estimates for the parallel channel and 
a noise floor estimate for the parallel channel included in the feedback information from 
the receiving entity. 

47. The apparatus of claim 45, further comprising: 

means for receiving an adjustment to the transmission mode for a first parallel 
channel among the plurality of parallel channels; and 

means for processing data for the first parallel channel in accordance with the 
adjustment to the transmission mode for the first parallel channel 

48. An apparatus in a wireless communication system, comprising: 

a controller operative to determine a transmission mode for each of a plurality of 
parallel channels based on feedback information received from a receiving entity, 
wherein the feedback information is indicative of the quality of the plurality of parallel 
channels, and wherein the transmission mode for each of the plurality of parallel 
channels indicates a data rate for the parallel channel; 

a transmit (TX) data processor operative to process data for each of the plurality 
of parallel channels in accordance with the transmission mode for the parallel channel; 
and 
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at least one transmitter unit operative to transmit the processed data for each of 
the plurality of parallel channels on the parallel channel. 

49. The apparatus of claim 48, wherein the controller if operative to obtain 
channel gain estimates for each of the plurality of parallel channels and to determine the 
transmission mode for each of the plurality of parallel channels based on the channel 
gain estimates for the parallel channel and a noise floor estimate for the parallel channel 
included in the feedback information from the receiving entity. 

50. The apparatus of claim 48, wherein the controller is operative to obtain 
an adjustment to the transmission mode for a first parallel channel among the plurality 
of parallel channels, and wherein the TX data processor is operative to process data for 
the first parallel channel in accordance with the adjustment to the transmission mode for 
the first parallel channel. 

51. A method of transmitting data on a plurality of parallel channels in a 
wireless communication system, comprising: 

obtaining channel estimates for each of the plurality of parallel channels; 

computing a received signal-to-noise ratio (SNR) for each of the plurality of 
parallel channels based on the channel estimates for the parallel channel; 

computing an operating SNR for each of the plurality of parallel channels based 
on the received SNR and an SNR offset for the parallel channel; 

selecting a transmission mode for each of the plurality of parallel channels based 
on the operating SNR for the parallel channel and a set of required SNRs for a set of 
transmission modes supported by the system, wherein the transmission mode for each of 
the plurality of parallel channels indicates a data rate for the parallel channel; and 

processing data for each of the plurality of parallel channels in accordance with 
the transmission mode selected for the parallel channel. 
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52. The method of claim 51, further comprising: 

estimating the quality of a data transmission received on each of the plurality of 
parallel channels; and 

adjusting the SNR offset for each of the plurality of parallel channels based on 
the estimated quality of the data transmission received on the parallel channel. 

53. The method of claim 52, wherein the quality of the data transmission 
received on each of the plurality of parallel channels is estimated based on status of 
packets received on the parallel channel. 

54. The method of claim 52, further comprising: 

adjusting the transmission mode for each of the plurality of parallel channels 
based on the estimated quality of the data transmission received on the parallel channel. 

55. An apparatus in a wireless communication system, comprising: 

means for obtaining channel estimates for each of a plurality of parallel 
channels; 

means for computing a received signal-to-noise ratio (SNR) for each of the 
plurality of parallel channels based on the channel estimates for the parallel channel; 

means for computing an operating SNR for each of the plurality of parallel 
channels based on the received SNR and an SNR offset for the parallel channel; 

means for selecting a transmission mode for each of the plurality of parallel 
channels based on the operating SNR for the parallel channel and a set of required 
SNRs for a set of transmission modes supported by the system, wherein the 
transmission mode for each of the plurality of parallel channels indicates a data rate for 
the parallel channel; and 

means for processing data for each of the plurality of parallel channels in 
accordance with the transmission mode selected for the parallel channel. 

56. The apparatus of claim 55, further comprising: 

means for estimating the quality of a data transmission received on each of the 
plurality of parallel channels; and 
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means for adjusting the SNR offset for each of the plurality of parallel channels 
based on the estimated quality of the data transmission received on the parallel channel. 

57. The method of claim 56, further comprising: 

means for adjusting the transmission mode for each of the plurality of parallel 
channels based on the estimated quality of the data transmission received on the parallel 
channel. 



58. An apparatus in a wireless communication system, comprising: 

a channel estimator operative to provide channel gain estimates for each of a 
plurality of parallel channels; 

a selector operative to compute a received signal-to-noise ratio (SNR) for each 
of the plurality of parallel channels based on the channel estimates for the parallel 
channel, compute an operating SNR for each of the plurality of parallel channels based 
on the received SNR and an SNR offset for the parallel channel, and select a 
transmission mode for each of the plurality of parallel channels based on the operating 
SNR for the parallel channel and a set of required SNRs for a set of transmission modes 
supported by the system, wherein the transmission mode for each of the plurality of 
parallel channels indicates a data rate for the parallel channel; and 

a data processor operative to process data for each of the plurality of parallel 
channels in accordance with the transmission mode selected for the parallel channel. 

59. The apparatus of claim 58, wherein the selector is operative to receive an 
estimate of the quality of a data transmission received on each of the plurality of parallel 
channels and to adjust the SNR offset for each of the plurality of parallel channels based 
on the estimated quality of the data transmission received on the parallel channel. 

60. The method of claim 59, wherein the selector is further operative to 
adjust the transmission mode for each of the plurality of parallel channels based on the 
estimated quality of the data transmission received on the parallel channel. 
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61. A processor readable media for storing instructions operable to: 

obtain channel gain estimates for each of a plurality of parallel channels in a 
wireless communication system; 

compute a received signal-to-noise ratio (SNR) for each of the plurality of 
parallel channels based on the channel estimates for the parallel channel; 

compute an operating SNR for each of the plurality of parallel channels based on 
the received SNR and an SNR offset for the parallel channel; and 

select a transmission mode for each of the plurality of parallel channels based on 
the operating SNR for the parallel channel and a set of required SNRs for a set of 
transmission modes supported by the system, wherein the transmission mode for each of 
the plurality of parallel channels indicates a data rate for the parallel channel, and 
wherein data is sent on each of the plurality of parallel channels in accordance with the 
transmission mode selected for the parallel channel. 

i 

62. The processor readable media of claim 61 and further storing instructions 
operable to: 

adjust the SNR offset for each of the plurality of parallel channels based on an 
estimate of the quality of the data transmission received on the parallel channel. 

63. The processor readable media of claim 62 and further storing instructions 
operable to: 

adjust the transmission mode for each of the plurality of parallel channels based 
on the estimated quality of the data transmission received on the parallel channel. 
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ofl 4a-i A>7i -33^4. 

4 4^3 4433 43 3 444 43 £31 4jis 43 3^=14 33^111 WA 444 334. 
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£43 44<& 4 L 3 

£1ft 4 4^3 444 ft^H^ 44ftft 4?it 4 $14 44-°d3 44-ft^(MIMO) f 4 c|o) 6 } 2 

^14. 

£2A 2B4 44-CSI ^e] 3*H-CSI ^ell- 44 4*3t 4 $14 MIMO 4ft7l a]±^2\ ^X\°%°\] cflfV 44 

£34 ^3. 444 St 4£(0FDM)ft °1444 MIMO 4ft7l Aj^^^j A4HH ^4 44 40443. 35414. 

£44 4°14 44 4°dft°11 cfltt 4°14 *13ft ^l^t 4 SU a* OFDMft 4444 MIMO 4ft7l ft 
4ft £<^44 ftft 4^14:2^14. 

£5 ^ 6ft 44 *llft 44 ^44(CCMI) 71 # ^ ft4°H^ 2li ^4 44 ^l^(UMMSE) 4^°ll 714 

«H #44 ^elt 4 44(NR)2l 44 4314ftft 44 4ft7l X\±*$<>\ 2 7}A] £X\<$^ tflft ft4 

4°1 4n^ 0 14. 

£7A4 3711S1 4ft7l ^el 7144 ^ Aj-ol'ft SNR ^ft^l tflft MIMO a^^ ^e]^ iL^ftrft £°14. 
£7B4 3He1 e^En^l 7lHVeH IMS 3 3711S1 4ft7l ^el 7144^1 tflft 43 4ft Si 44ft(CDF)ft a 

o}44 £014. 



£14 4 4^3 444 44ft ^ ftft^lftft 444 4 44-$!^ 44-ft^(MIM0) 44 7.l^Efl(i00)°l 4 

Olol^Eflolul-. Al^6fl( 100 )^. ^2 Al^6fl( 150 )^ 4444 Till Al^6fl( 110 )^- £^44. A j £ 6fl (1 QQ)^. ^sSjEB} 
3^ ft ^7}*}AJL, A344 7flAlAl?H, 4^4 ^X\^}7} °4fl OJ-^ ^ X\ 7} uj-o] ^ A] E} (*>7Hl Aj 

44^)3 2fi 444*1 444 4 ftft. ft 44°llft, ft^ft(150)4 44 ^3.^ 4^44 4^4J7 Al^Efl(110 

)££ n^i 431 3iL(csi)ft iiji4£ft 444 4 SU, A1£»S(110)£ csH 7i«]-eH ftftft ^ 

a; Hi- s^, ^ ^«>5L^ ^ a 4. 

Ali^(110) ^i^-l, BflolE) i^(112)S *S(TX) tilolBl ^ B]7l (1 1 4)S. ^1 Bl ^ iL HlESJS- ^ ^}jL, Aj-7] 
HS7ilAl(114)i- ^-^ Hj-Ajo)] tq-Hl- CllolBl# <?]S^§>J1, ^-3 «lB|B]>a ^°1l 451- -512^51 ^l °l &| 

ft < ?]Bl5lHJ(a i ^^oi(| A^H^ ^ olAj-Oj cflgfl OjEiSlHJSl V] 

^^^Sft^l Pfl^Al?]!^. Ol^^ 0] S ^^ ^ol^ S5]Aj^ ^ 7M? ]rl-. Aj-7] OlElBjia^a^Ja HlHl-ofl 

EflSfl Al^V Ufol Bl Al El 1- Ail^e>Jl, CflolEi ^^ofl A}-^^ 4^%^} ^ ^ 3 Si cfl ^^1 (SNR) 71^^ 

^I«>lBj7> ^ Sl5Lft «H^, ^1^1 ^SI-aI^Iji, £ft zv sjAj^i.^ A>-g-E|ir 5?^ Hilt 

AHS) Aj-^^s ^7-1 a1?14. ia^^ wlH^oi 4^51 ^cflAl ^=^51^, °lai* "il^elHj^ ^7} 

3. 4 d lBlAlEll- Ail^fVul-. £ ^tgS] <a ^Vofl 44, 9j S t^_ o] E ^elHJ, ^ Aia. nfl^^ olf-Sl £t)S 

£1i £Al^ T3>sq. ?J:oi Ai^Bfl( 110 )oii ^l^Sl^ JfS CSMl 7l^«M ^§3^4. 

^A)7l Al^Bfl (11 0)ollA^ Ol S tg ( OlElElHJ, ^ Pl )3§^_ O^ei Hj-Al^oH 7lHVS>0^ ^SljS] ^ ^U)-. S>l4£!l 

^S B R S*l 09/776.073, Afls. CODING SCHEME FOR A WIRELESS COMMUNICATION SYSTE 

M i AflAlSjol ^J7, 0-|i^ Tg-Tg^ O^Oj^T)] o > l :££ ]^^ TI | j a. ^^^oIlAi #2:514. 

MIMO Ai^6fl (10 o)S f-S ^asi ^S gj ^S4-&°flAi 4^ si <&*H4-&-i- 4-§-tt4. °l^?!: *S ^ ^S °Jr^ll4 

1-S *S 4°lBlAlEl 5J ^A) ufol Hi Al El 1- ftft 4°lBlAlElSl 4^*V SjEfl£-^. ^l^e>7l $ sfl A>-g-^4. 

^4 4°lBlAiEl^ 4^ si ^a) o>^4^ ^ 44 sE^r zl oia o v^ ojt^^ A>-g-4^ 7^ s.^ o_ s 44. ^4 
40IBIAIEI4 4^51 *S 4MM21 cfloiEi ^i^o_a ft^xi^^i4. o_s, ^7>^<?1 ^el/> o_4=lS 

4°1»1a1e14 4^471 $n *4 4^14*SS^ ?1*4 ^HEnMH 01^44. ^4 4^, Aj-014 44 4^44 

cfloiEi4 ^m*! o.s ^l<a £S 7fl^iEi ji, 7>4 44 -?}^4ft 4H4i ^ < a^elH < ]44. 44 
4oiHiAiEiir 4^51 44 4^14* 4H4i ^4 A Jlf2] 44^1 21*11 4^41£4U, 4°lwlAiElir 4°14 43: ^ 
S«ll 44*1 4Jl44 444^S«1 4 a ^4. 

a1^^(100)4 444 f-4 fiHftiA-i 444 4 ojji, 4 44 n H 4 o> El i4_ 444_ ^4 ^4 ^ihiai^, SE4 
c»l4si 244 c»i444. 04^4 44 £ £ £i oflf. 401 401 hi a] El 44 ££ ^ MIMO f-4 £51 a4ft 4 
% 4. 401 hi ai El 44 slh4 f-4 ^3.3 4 si ft ^7>a4171 41 sfl 40IB41EI4 a>444. 44(pure) 4 0 lwl 



- 3 - 



g-7fls-^ ^-2003-0085040 



33 43 ££S 3^833 43333 43 223 3333 44333, 3333 2-& 7>-g- 43 3344243 
^Al 7-1^22 3434. 44 43333 43 £Er 15)1 ^1 ^1 332 l^^df 0 ! 434 23 SNR 3 44 3 
4, 3 443 5.47} 443 xj433 A}44 ^ 514. MIMO 43 £Eir 43 333 4 3(4, 443 43 
3344 3 443 44 3344)33 334 433334 7>444. MIMO f-3 £5^ 3314 43 3 3 3 4 2 
^43 47>322 444 3/2^r 34 4olu]AlE]l- A>-g-t 4 5U4. 

32^(100)4 4?}2 44 BjEf 4^^( L 7fl) 444 4^34(4, 444 34)2 IS}2j£S 4443 3 

a 444 4t 32(ofdm)4 4-8-44. 4 43 4433(4, 444 47fl33 tfl<*43 3^43 43 34 33 
t), 32 344 l_7fl3 444 4^4 4433 3434. 

32>S(100)4 443 44 ^fl^44 f-^fl 3334 ^-444. 44 40], M | M0 ^4 Nc7)l3 

4^ ^^4S. 4sfl£l4 333 Nc<mim{N T ,N R }34. Nc7)l3 4^ ^fl at 444 24 MIMO ^ s£] 44 
4*11323 3434. 0FDM4 3443 43 MIMO 32>S3 ojo^, ^ 4*11333 $7fl4ji 4 

43 44 4*fl34 34 *fl^ a 3434. ofdm4 444-fer mimo 32<S3 443 444 4*ti33 4 
33 4*1134 34 3323 3434. MIMO 44 2233 4443 4-^r OFDM 3233 cfx] 4 43 

44 43333 371142 443 444 4334 #4 3323 3434. 

MIMO 32^4 ^ 44 ^ 44 331443 331 433 4433 43(dimensionality)43 3433 34, Ml 

mo 32>S4 7 fl^^ Aj-^. ^ ojtq._ 0l fc ^A]7HAi csi3 324 323 422433 4*44 44£ 3 
23 it $ ^J44 44^1 4344243 433 43442 34 4344 S34^r csi7> 711^3^ 343 7} 
444. csi^r 3*11 csi 44 csi 23 43234 44. 

331 CSl^r N T xn R MIMO ^23233 443 4471-4471 434 4 4°1 3 34 323 33 3*11 323 
334(4, 443 444 4*fl^H 4?1 444 4^(^14 44, 44 ^ 34)4 i444. ?411-csi ^b!4 (1) n 
^ 4 A J°l 447l gj 44 7l £4°l4i c>147>44ji, (2) 4474> mimo tfl4 4 c> l^l£H44 t!144ji(471 
°l4i 714^), 4 0 1^S.:E4 & M ?144 42: ^444 4^4^-, 42 ^444 244^(43^42-). 244 42 
^1444 «44^, (3) 4 ?14 4^4 Nc7fl5i ^4 pfl^ 43 7444(4, 443 43^l£H)4 ^1443 3 
*H ^4 4 A ^1 3443 4^ 34 33i ^114 4^3 33H4 44, ^4 ^ 43)4 4 s S4^r 44 3344. 
3*1] -CSI 33fe 42 3444 4243 3*fl ^fl^3 Ji44(47H13 34^H 3443 4 34 ^4 ^ 

o]tf 7^e|(^l- 31418; S ^ ^ ^3. * 7 ]. a ^^$4. 

44 csi^r ^14 43, 34 ^11^43 4s^443(SNR)4 S444(4, OFDM3 S^4 mimo 32^3 4 44 
4 jeL sflicfl Tfl4 snr, OFDM 3 5^4 mimo 32^3 4 ^4 47fl3°ll cfl4 443 444 4^33 snr 
). 44-CSi 33fe 7flM3 SNR<>11 3443 4 34 7fl^oil tfl4 ^1133 33(^14 43, 344 s3 91 42 43 
3 3^)4 3344. 

214 4ji43, tx mimo iS-^Hozo^ tx cfl33 J£S^4 : |(114)S43 42 3444 4442. J£s.^l24 
3 43 MIMO *fl>I 4°ll3 4447H1 344 3444 7il^44. 43 TX MIMO I£3.^13(120H 3*11 4*33 4 

3 H27il2ir 3711 4433 csi 222714J3 ^r3 °ll 3^43, 3433 a-4 7>7ii§i 4^=14. 

37)1 CSI H2714J011 nflsl TX MIMO 2£271H(1 20)~ ^7} 42 344 34343242 33 2444. 232 

4433 csi 7£27il7j3 tflslM, tx mimo H2 2 o)~ 43 42 3444 443 34343244. 43 
3t|1 ^ 4433 csi mimo 22714J4 3«H3 a. 4 47fl322 4334. 37)1 csi 2271H4 4442 OFDM 

4 7>44^i 4^- mimo 32^33, tx MIMO 227144120)3- 4 43 43143 3l«fl 7>?i 4^ 3443 
2234 711^433, 33 44 4 443 43 243 32 344 7^44. 4 7}7i ^4^1 4^ 3444 343 

3 24 47-113 433-^r 44 43, 43 n c -^3 471133 tfl«fl 233 33 4433 3*J 243 N c 32 34 
434. 3711 csi 22714J4 ofdm4 7>44^- mimo 32^33, tx mimo 22744120)3 4 43 7fl^3 cfl 

7>^ 4^ ^4 «J)e14si 2234 33433, 4 333 233 33 44 44 L 444 4*^343 cfl 

4 1-71)3 43 243 32 344 2442 34. 4433 csi 22714J4 7>44ji ofdm4 4443 <24r mim 
o 32337i, tx mimo 2271441 20)^7 4 43 3343 4?i 243 32 3443 2234 344431, 
33 44 4 443 32 344 711444. 232, 4433 CSI 22714J4 0FDM4 A >44^- mimo 32^33, 
TX MIMO 227144120)3 4 43 3343 tfl«B 42 34 3343 2234 33433, 4 333 27^3 44 
44433 L 444 4711343 34 lAQ 43 243 32 344 2442 34. 43 4^3 2^ 343, 32 
344 22r 32 34 3343 A 2234 7fl43 3 323 (MOD, 122)3 3 3 4333 3233, 333 334 
(124)4 4*ti 4334. 

213 2333 33 33333, 433 32^(150)4 43 433 3244 4342 43 433 324 443 
423(DEMOD, 154)3 3443 433 43 3344(152)4 2444. 4 423(154)3 43 323(122)33 
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£«g4 = 3*H<>11 iL435l ES^l^t £ S 1M4. 3.^ £2.711(1 54)S£bM Aj-7] 4^4 1H£ (RX, MINO) 
= 3.4H (156)41 S\n £4M££ afl^^M, alSHH H§4 °_g. H3AilEi44. ^7} £41 ^l^l tflsfl A oM 
£4M i£2 4lll£ RX ^}o)b\ s S AilA^(i58)ofl XH43414 Aj-y] JX cflolE^ = 3.*IH (1 1 4H Ejsfl 

£*3£ 5S^«| iS-AiMl £«g?14. ^-3 ItIHH, RX cll°M ^4*\(\58)~ 444 £41^ $2 4! 

111 4 A MKr am S 4 a!M4ji, A oM «M £11 tl<?MM H J44 A oM tl5MM« 4 q 2 H§M 4 

25^ ^Hll 4^44,4 0I44 tj]o]B\ ^3(160)3. ^M£4. ^7} £4M°l t]^S\jL t t^olE^HjElJl els 
^4 ^31£ £4}7l Al£»S(110H*l £«g4 n fl^, °J^e] H J tfl£44. 444 £4}7l X\ ^^(150)°11 SI'S 

MIMO t.]±*$S\ 44 £*lM(iL4 OFDMl 7}x] ji flfa. 7>x] jt $41 44 M IMO £41 

*fl41)l£ 4«M-ES 44 ^3- 44311 ^^«>7fl ^D^f 4s 51101^4 44 ^ a 14), A^ 

4= SNRl 44J4 £ 514. 44, 44 £4 *fllEl s.^ ^ -ofl nflev 4 44 ^ s$<qx\ £4M4 

Bii ££<£, 42 411 4 3 a «ihiei £H sisfl 4^44. ^i47>, 44 hb. 43114 4*J3 °.s. *i?h 

44 i£44. 44, Aj-7] 44 ^o\] 444 xi4£j-b ^iL Bis. 4^ Ai^ofl 44 444. A oM £4 

iL4 jl4^s 44471 ^«fl, 4^1 33. 4311E1 csi4 4^4 £ a 44(4^343. 471 £41 7l -H-^ofl^) 4 

7] £4171 44E.3 7ll£4<4 44 =3>M£ 344^1 244 £ 44. 4 4^4 7fl44 Al^efl Aj4^. ^^471 
%n CSIl #-§-§>^r 714^ aH4W 

^^91. CSI £5^)^ 7>a1ji <&2=. MIMO £4171 Al^gn 

£2Afe £1S1 Al^Eflo) ^47] 440) oj Aj A l^o]_ M | M0 447I Al^6fl( 110a )O) AJaI^H cfl4 7llf-£C>l4. QFD 

M-i- A}-g-«H ^ £x)7i Ai^6fl( 110 a)^ 4A)7i Ai^efl (150)^1 sisfl aji5i4 csN 5-7^H ^jsi 

HS^l^t ^ 51^. ^l^^(110a)^r (1) $3. HlHt-i- ^41*1- Jl iS^l^M ^2 -3 ^l^^fe TX 

cllflBl = (1 1 4a) (2) A J-7l N T £41 ^BlU-i-^ tfl-g; 42: ^##-1: tq^E] ^■^^■g)-^. JX MIMO =3.<MH(1 

20a)l- 

TX cflolE^ =S.^Ai(H4a)fe- £.151 TX cfloie] =S>M|^(114)S1 °J ^ <=>l ^ , ^1- S^r A 4^)-&°1 TX = 

(11 4)1- ^sfl 4*1 £ 51^-^, ^ ^3 s«-?!ci-. 22AS1 ^-^ ^^HHlAq, JX cflolE^ s S 

^l7-i(114a)fe- °JScl(202), °J^elBl(204), €^7l(206) ^ -31- "fl^ 4^-2.^(208)1" 2^4. <&3.tf(202) 

fe- 1-^ ^2^1 A 0 >£e>£.l- 4>7l uiE£-4 444ji ojsneM aiE£-4 ^4*4. 4^ °J^e] 

Ul(204)ir ^ "JlBlelfJ ?7l§>*| Aj-71 HlHH <?] b) b] ^114*4. «£7l(206) 

fe07fl o1a o vo^ a o v 7 i °J^e]«-?! 2E Bllti €^«M «HM3: £^1 25^ ^1^4. ^l" n fl^ ^-2. 

i(208)ir A 47l 3MBit- £4l«>7l ^«fl A>4^i- 44 04^ 44 ^^44 °1 «fl 47I ^14^ ^1 ^ SHJfl «ll 

TiiSl-ft 3*11 £2Ai-b £AMoi ^xi 4x14, 4^ ciioiEi(^i4 401 4x14 344^^ 9lSH€ £ 

o| 04| ( 471 a^Alig xjji WlH#34 4e1#S!]x 1 44. s a ^|A^ 40^^ ^0^^ ^7] £41 

*>fe^l £41 ^fl^l-si SEfe ^ «. ^EoflAq 444 4 5lt4(^, A l£t ^^#^)4i 4>7l 4 

^olBjfe ^ls)^ Sl^, °1§H^ iU4 A 4^^ir ^4 401 ^ 3g 7 i-4 4|sfl 47I £4i7HiAq a>44 
£ 514. 

£2A°11 sxisjoi 44 401, 471 o] S tg gj 43.4 4471 Ai^^(i5o)i ^isfl A o v 7l csH e 

7l*H £ SI 4. H ^ A HHH, -Sia^^r ji^^S 7l4 2H(^ll: 1/3 Eia. 2E)| 4£§>ji 31 

£4!§>7l 3«fl 44514 A J"7l £xl SNR <^i ^l^ xl^jq^ 44 401, 47I €4ir 2E £2.1- 

71 ^sfl ^7] 4£t 2^^-E.S^l g- A j€ £ $m. cfl°4^^S, (1-1- 202S ^^1E.S £xl£ o^gfl xIaIe) 

3M Qo])X\3. 44 s ^ 4^401 Aj-7i 44x101 CSM i 471-sM £ 514. -il- A J-7l £41 

^flll- 44^: ^H^-a 2H1 iaH^i £ 514. A J-7l 42^1 Ejgfl, ^£xi o] ^?g/44(nulling/equalizati 
on) U ^ *IM £4171 SaAfl'S t 2 -^ 4471 tfloiE) XiJ=e]4 ^xl4ai cl2H§M 4 v 7l £41 e)l°M EiH^E] Ji 
4 41 Sit £ 51£ 3 §7>4 £j£<47l ^sfl a>4^ 4 0J4. 447I =SAfl-S ^me!4, Proc. ISSSE 

V-BLAST: e|xl_44 44 ^ ^}*\ sjl£ ^44^ ££4 H^§>7l 42( An Architecture for Archievi 
ng Very High Data Rates over the Rich -Scattering Wireless Channel) ^}^\ P.W. Wolniansky°fl EM rrTc°ll 

A 4^sl^ 51^4, °M % v JiS f-tsl^ 514. 

4 £41 4^} cflsfl, 411- ^ A j^i(208)£ £(non)-^4l 4J1-&1: s J A J47l ^sfl 2ZM Jl 44^1 4- 6 l4l 41 # 
A o v 7l £41 ^ Ti^ 3*11 im$. « 2 t^HI- QPSK, M-PSK, M-QAM)°fl A 4£4£ 4ls afl^i 
^471 3*11 «££M ^£ am^El a|e£«] 7140.S 4^14 4 oj4_ 4 sojEi, 4^ 4H-&°11 A J- 
-§M4. £41 ^MEl A^cfl ^4 4 411-1-1: 3*fl ^i£ J i £ 51^ ^Ji hMI^I 4^ 447I £41 ^fl^El snr 
ofl SI444. 44xq, 4 ^4 ^fl^ofl cfl4 A471 2 ig 4^4 4^4 ^. 7 ] xi^Ei4 44x104 C SM1 5-7i«H xj 

^€ £ 514. 4471 4^ 51bM h J£ (1£ 204S Shl^l sisfl ^1aM4 ^4 ^°l) A o v 7l an4 £^■4 CSM1 e 
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343 



34. 



^It1f 4 33 SNR 3311 33 441 

3^13 34 43 3431 BIB o^5] 7 fl^ 7H3 

31 13, 31 4 443 32 B]Ir (1) 1/25] 33 



23 



4l 



23 



SI- 42 423 2:*2§; 134JL 34. 4 

rS5q- 42 22 4 441 4443 iH31 4 
4 QPSK 42 (2) 1/3 23 423 8-PSK 42 (3) 1/ 



514 



423 423 16-QAM 25 44 23 423 ^2 =f-£.% 4443 434 4 34. 33H33, QPSK, 1 
6-QAM, 64-QAM4 43 13^1 SNR 331 33 Aj-g-^t}. 8-PSK, 32-QAM, 128-QAM4 £4 44 42 42 

14 24 4 433 33 33 4-§-4 4 SI 4. 

3311 

^SNR33 ^314 32 323 4 Nl 4 223 323 ^ |23 42 I 

h-5-4.4 ^1 hPSK ^2 |l/2 ^ 

^4.4-6.4 H.5 ^QPSK b |3/4 ^ 

^6.4-8.35 |2 h^-QAM ^4 |l/2 ^ 

^8.35-10.4 2.5 H6-QAM ^4 ^5/8 ^ 



hO.4-12.3 |3 h 6-QAM ^4 ^3/4 ^ 



$ — H — 5 ^ 

}l2. 3-14. 15 |3.5 ^64-QAM 



^6 



H4.15-15.55 ^4 



8 - S 



^64-QAM 



I 6 



^7/12 | 

1 2/3 ^ 

^15.55-17.35 H-5 ^64-QAM ^6 ^3/4 ^ 

\>M.35 ^5 ^64-QAM ^6 ^5/6 

\\\\\\\\\\\\\\\\\\\\\\\\\\^^^ 



TX Ell o] J±^33(114a)2433 42 3114 4 TX 333 2233(120a)2 a)1^£]53, 344 213 TX 
MIMO 22^H(102)3 ^ ^^i°l4. TX MIMO ^(1 20a) i^l , 343133(214)5 43 ^43 32 3 

111 4 33 42 313 ilf (NT)2 343132453, §>^-^ ^ebj^ Aj- 7 j ^ 44443 a} 

444. 4 42 31 2234 71133 3 423(1 22)3 ^|^^4. 4 4271(122)^ 4^1 42 ^3444 44an 
43ia 444^, 444s 4^§H ^^2:42. 4^] 43:4 44 444°=! 4^1 4^ ^3 4°11^ 444^1 i 
344t11 42£ 43:1- 4 A 344. 



t&<$ ^ 7fl ^ ^^fl^oi 7 >-g- 44 4b]14^ 4^4 3-^-^(4, N c <N T ), ^e] ^#oi a> 7 ] ^ 0 ib] ^ 
44 444 4 $14. <S 42°114, N c 42 34 iH34 4^=1 °i 43 7R- ^4 4^143 ^4^4(^ N c 
)°.3. 44^14. 43 44S14 44 4314(Nt-Nc)4 43 ^133 444 3*fl 44^4. 44 4233, 43 47} 

3 3 44 434(N T -N c )3 33 3434 47>3 3 344 43 333 443 4324 3343 3*fl 443 
4. 334 4233, 44 343 333 ii^ 444 3sh3h, 333«-3n, 443 44 434 433 43 

4 4 34. 333 2H33 34 43 443 4343 444 433334 474133, 32 a43 3413 33 
4324 3344. 



?13 CSI Hg.^H4 7>x1ji 9)^ MIMO 4471 



22B^r 443 323(150)3 33 2H3 33 csi3 5-343 3334 2 2334 4 mimo 443 32 
3(H0b)3 3333 34 34234. 43 32 3244 TX 333 2233(114)3 33 3s23n, 3332 
3n 31- 333 42 31-1-4 4 A S44. 43 s3 ^ 42fe 43 443 3233 33 2n3 43 44 33 c 
Sl3 5343 2433, mimo 443 323(1 10a)3 33 43 433 44 43 434 4 34. 

TX MIMO 2233 (120b) 433, 33 MIMO 2233(212)4 43 443 42 3114 443 42 31 22 
312 343132443, 4 44 4333 34 443 223(4 n422(eigenmode))4 43 42 3111 
4443 4434. 33-CSl 223333, 33 MIMO 2233(212)4 43 N c 42 3111 4 34 14 



3 43 2443, 444 43 N T 4^9 243 42 31 



-2- "Bl-X 



S44; 
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e \v 


e i2> 


e \N. 




v 








e 22> 


e 2N c 






M 












M 

















4(1) 

«^7H, b 1 , b 2 ,...b Nc A o v 7l 3-z> ^-*ti^# 1, 2 n Nc cfltb #2 n c ^2 -8 

<il- M-PSK, M-QAM SEfe 4^ ^2 A >-§-«H IH!^. 

e y A J"7l o>^ i+S^-Bl AJ-71 ^ <?M143.3 AJ-71 £ Jl-H-tflEi nflEE{A E 6] ^Aj^o] 

^ , x i , x 2 x Nr £ 4^5-4 go] ^ oj^ A}zj ^zj£ ^ ^ c)-; 

*i = +& 2 - e i2 + - + V ' e iy c • 
x 2 =fc 1 -e 21 +fc 2 -e J2 + ... +b Nc -e 2Nc , 



CSI = 3>IHH cflsfl, ^ ^i-H cfltt ^ A >Zi 2Zjj£ ^2 ^l-&(x i )fe N c ^ZV ^HM^M^ £ 

2 ^d«J 2^ ^7} ^.s. ^l-(x i ) %n >M-8-s|fe- ^2 A ^i 14 

3*1 SNR<>11 S^SH, jL-frftM j H wIsHW 2^ ^2 t^§>7l i^ti 4-8-^1 fe" A J-7l ^2: 

^1-#(N c ) zi-zKg- 4& 413: yflli z} A lZ> ^H, ^1 MIMO H3»H(212H ^sfl 

A}zj ^zj£ ^2: ^1-(N T )£ ^^El#au^(214)^l 2]sfl ^El^aj^Eij! £2:71(122, N T )S z)l^ 

^7l #*)l CSI HS^l^J^ ^7} />-§- CSIS}- ^£ *£ <?Ml^-H ^IsH <^«8^ *r A J-7l 3*)l CSI 

^ ^ejaj^a 0.3. <?HHl-37ii4 ^ t\±^o]^t^_ soj_ Aj- 7 i ^ Ha ^Aj^ ^ 

°1, A o v 7l f-^ ^37} 21^?!: SNRi: nfl °Jzj ^EfloflA^ ojoflol^ ^ 51^. 
OFDM-8- 7>^1 Jl ^tt MIMO ^^.71 A]^gn 

£3^ OFDM^I: #-§-*H, £fe CSMl ^7]§>*| ZL^S] *3-4^4: =r Sflfe MIMO *^7l a] 

^^(110c)^ ^Al^ofl tfl-g: TX dlolE] HS^^](114)oll ^1 «fl H, ^Bje) 

« 5] Jl, ^^5]^ ifi2 ^1-^ ^71 SL^ ^ ifi^ir A J-7l ^Aj7l Aj^Eflofl ^ sfl JiJ7 5l 7 >-g- ^7fl 

a^r Jf^-Zl 1 ?! CSM1 ?7l§>*| 2^^i ^ OFDM^I: 7>x1ji M IMO cflsfl, ^-7l Tfi2: ^l-t^r 4 

^S] ^^^1" A oMH uf^Sl ^a) o> El ]q. a a E ^ ^a)^ ^ oju]-. ^^e>7fl MIMO z|^t "fl, 

MIMO =S-*l|Al(i20c)^|^, c^^#^ ,A i(DEMUX, 310)^ A J-7l ^2 A Jl-&i: ^i^Jl ^ 
^(S-MH SL)S nl^^^^^fecfl, z| cfltt ^-^fl^ -^1- ±^^r <#7] 

CSI HS^l A Ji rfl-gfl, z| Jf7fl^ Aja. aesja ?m^9l Jf^flM MIMO =S>lIAl(3i2)a All^El4. zj- Jfsfl^ 
MIMO HS^A-](312)fe- A j-7l ^a)£ jf^^ aj^. <a-& A 1li^H^-&S cl^E]#a)i£l^, zj- ^zV 

^Tii ^1- ^ li^H^^r ^71 ^S>ircfl OFDM aI^eA^a^ zj^ C SI H 

S^AjoU cflsfl, A o V 7 ] j, o.n H £.^ o. £E )oj zVzl-oj A o Vofl Z^-g^T}. Zj-Zj-oj M | M0 n 

3-^l^(312)ir Zj (1)^11 N c ^2 -a-&#^l A >Zl A >zj ^2 *W ^ 

CSI ^a^l^i cflsfl, zj- AjzV f-^ofl zvzvo) h.^^ M | M0 n S AilA^(3i2)ofl £]sfl N T A >zi 

£ ^2 ^l-fr^r Z1-ZVO) q^B|l-g)A-](314)o1l ojsfl Cj^Ej #3)^5) J7, 3163^1^ 316t^H^ N T 1^ zfl^ 

iScfl, Jf^fl^O) 0 !! t^slfe ^MIIT! MIMO HS.^A-l(312a)ir ^14(1 ^^l N T )S] ^-^^( 
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MIMO HS^lft(312l)ft °Jftlft(1 tfl*l N T )S] ft 4ft ft*llft(l-H *|cfl N T 7fl ^ 4^ ft ftft. 

jlsIji, ftft^ft csi ftel-i ftftsi ft*ti^ -HI- ^HH(S)ft ftft3 cl^l#*W(314H si^llft qftEif- 

aiAjsijT., (sjcfl) N T 7 fl£] ^4 ftftft(316a i-M 316tH *llftftft. ft^l MINO 5.3.^lft (312)-t ftft ft7l *1 
^ «-^o] CSI *le|t- 3*tift s^ftft. 

ftft^l ftftft(316)ft L7flSl ft ftft ft*Wl ft2 -g-feV-i- ftft*> Jl, 443 ^Ift ftft°ll tflft ^Iftft ft 

2 -91- <s]ft(vH it*H, n ftft ^ei ii3Hft(ft, ^27i(i22))°fl n ft2 -g-t ^fti: ^ttft. 

ftftft, MIMO 53.^lft(1 20c) ft ftft£) ftft 0 Jftlft°11 Efl«Aft *"rft^ ft N T 7)1 SI fti ^ft «!ft(V ,i|^V t ) 

ft ^i ftftft ^ -g-M-i- ft*mft. 4451 ft^ -gi- «ift(v)ft ftft *m ?w>ji, ft^ 

^ «i)Bi(v)£l ft telftBft ftftft ftftftft Jift ftn^^Hft ftwlft ft^ ftftft ft^tiftft ftftftft. ft 

ft ftft(pure) MIMO ftft £ES ftft«H &ftftft, ft2 <9-£ ^1 ^ <yjf^- ^ °Jftlft°fl tflft ft*j ftft 

ft ft*flft°il ft^l s&ft ftft 3 at- 7>ft ft ftft. 

£ 3ft OFDMft ^2:71(122)^1 ftft^lft aft S^lftJl Sift. MIMO HS^lft (1 20c)3.ftft 9\ ^ ^ a]El( 
V i-fl^l V T )7> ft^ft(122a vflxl 122t)°ll ftft ^llftftft. £ 3^ £ftft ft^HHft, ftft^l ft27l(122)ft IFF 
T(inverse Fast Fourier Transform)(320), ftc-lf - ^el^^i ft^ftl (cycle prefix generator)(322), ft "3 ft ^1(32 
4)1- Sftftft. 

IFFT(320)ft IFFTft ftft«H ftft^l ftftft ft2 ^ft ^ft Aj7j-_£n]l°| S^(OFDM $^3. *}$&)°.3l ftft 
ftft. IFFT(320)ft -gslSl ftSl ftftft ft^Hfttft 8, 16, 32 ft 3 ftH cflsflft IFFTft ft*3ft£ft ft^ll ft 
Sft. ftft^Hftft, OFDM ftftS igftft ftzj-^l ^2: ftft ^fti tpM, ft°lft H^lft^ IftS 71(322)7} ^ 7i 
ft fttllft°ll tflft ftft ^Jftft *Jftftft ^«11 OFDM ft ft3 ft7>-£^lft ^ ftftftft ftftftft. AHft^l 5 
ftft -gft^l ftft^S ^lft ftftH ^ft°11 2jS ft A jft ft*l«- -2-3*1 sflSft ^3 jLft^l cfl^sfl 

ft ftftft ftftft7l£S. ji^u)-. |FFT(320) ^ ^Mf H^sj^ ft^ft(322)ft ftftftft ^Jft «llft 7lft^ftofl ft 
3lft 2£d S *|7lftir ft^lft ftftslft 

ftft^S, ftft£] *}°m ft^ft(322)(ft, ftft^l <?}^lfti ^ ^ Aja. )a w.^£l ftft-£^lft Sftft 

ftift ftftft ^Sftftft i?!^ ftftftftft(324H S\n fte|£] J7(^lfttfl, ftftSll ftjLS ftft, ftS, ftft, ft ftEi 
^), °Hft ftftSl ftBllft(124)Sft^ ftftftft. 

OFDM ft^ft ft A.C. H J^(John A.C. Bingham)°11 Sl^llft 1990ft IEEE f-ft n^^ftSl Multicarrier Modulation f 

or Data Transmission : An Idea Whose Time Has Come c-lft ftft°fl clft ft^l ft^^H ft^-^, °lft ft 114 
ft^llft ft^ftft. 

ftft^l ftft ft^^l ftftHft^ll, ftft, ftuft^, ftl &l , ftft^ ft)*l ftft Ali^cfl + 
ftft ftftft ftft ^elft^Jft lilt ft ftft. 

£ 4ft ftft ftft ft^ft %n ftft ft^lft^ft ^llftft ft ft^ftft £ft OFDMft ftftftft MIMO ftft7l 
10d)^ ftftft^l iflft ftft£fl4. Al^Bfl( 110 d)oll 5l«llft ££ ^il Bftf iftftjl ftft ^Ift cflolBl 

7> ft ftft ft a) ft (408) i ^llftftft. ftftftfta|ft(408)ft cllolBll- ftft(K)^ ^ft clftlBl ^H^(B t ^^l B 
K clftEl#aiAj*Vtq._ zvzvo^ ^ cflolEl AEE]^ ^^cfl AlZL^^ ^fl^, ftft ^fl^, ft^j f-3}, SEft HI 

6 lft ftft^l cflftf- ft ftft. ftftSl jjflTi cflolE^ ^EeJol z|z|o) TX cfl ©1 =3.>MH(114H Jl, ft7l TX 

HS.^lft(114)ft 71 ^ft e|Hb| iH^-l ^1«11 ft^lft ft^ ftS 1 ^ ft^lft ftft§M ft7l cflolBll- 113-^*} 

Ji, ft ftft ftft el «J ft7-l«flft ftft ftia^ft ciioi^# ftftelwjsH, a *m cfloiEi ^H^ft ftftft7l 

ft-g-Slft ftft °lftSl ftft ^fl^ft 3ft ft2 -gft^l ft7l ftft^«J^ Bllt nfl^Al?Ju}. 

ft7l ftS^ft nfl ^^n>uf ^sij^ ^ ftft(ft, £ 4°fl £ft^ ftft ft^l ftft^l ^}^\ ^Hllftft ft*M ft 

ftft). JZftlft, JZ. ftS^ft ^ft CflolE^SE 1^1 £Al^) H>£)- ^ol)_ Uf^o) jj))^ ^)olE^ AE^, tijolEi ^ 

H^^l ftftft, ftftft ft^fl^ ft ftft ft^fl^ Afl^ ZVZVO} ZVZVO^ ^ ^ oja A| 7_]", 

^■ft ^ft^ ft^lS £ft ft*3ft ft ftft. 

ft TX 3Hft HS^lft(114)Sftft£l fe^t ^H^ft ftft ^lftsi ftftft ft^fl^i ft ft ftftft ftsfll5l ftft 
°lft£l ftft ft^ftft ft«llft ftftft ft ftft. TX MIMO H3.^lft(120d)ft TX ^S^ilft (114)SftE-i ft2: 

^ft ^H^ft ftft ftft. ftft^l ft2 ftl- ^H^eHI ftftft ftft £E1 ftftft, TX MIMO H3-^lft(120d)ft ft2: 

ftl- 4^6^ U.^^ AjS. AE^0 3. t^El^alAj*)-!}. £ 4 ofl ^A] ^ ^H^, ig^ Al AEe] (S 1 

)ft ftft 51 ftftft ft^flftft ft*ll ftftSl Jl, ft2 ftl" ^H^(S K )ft L 7flSl ftftft ft^flftft f-*H ft ftft ft. ftft 
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$H 444 ^-^^^1 314 42 ^5^4 4451 4*11 ig MIMO 537114(412H 51*114 ^e|E| ji, ^^^#^^(414) 
41 3*M ^14=14^=14 443 ^ 4314°11 cflev b| 2 ^4 tfi^s «g^ 7 j 3^ 447l(416H 541) 1 
444H?I31, £ 3°fl 4^4 44 444 4^353 1444). 

^ij>^ o.a, 347I 4^4 xj4 #4 ^4 44314 ^iL# ^74114 443 av 7 } ^ ^ofl cfle> ufl 

°414 2^42 4244. ZZ4|4 ^ife 44353 3H4 44 CSl4 ?1*H CISB] *J3414. c^eI #4 

°ll 44=l^r 44 314 ?4444-CSl4 44353 4471 Al^EfloflA^ ^^71 a]±^o\] t±X\ ]±JL 

4"7l 4471 4^4 ^^§1 2 ^ ^ ^S}7} ZL %2L% 4444. 4 t§>l|A]oil|Aj ^S\±r 7} 

44 MIMO, OFDM 5B4 44 ^1 #4 ^4 444 4 514 44 4 = ?"4 44H?I31, CDMA 44H 54114 
4444 44 ^1 44 *W1 444444. 

MIMO 444^4 20004 34 224 4444 4 4444 44444 4545254 4 44444 4242. 514 
44 44 #4 All 09/532,49221 HIGH EFFICIENCY, HIGH PERFORMANCE COMMUNICATIONS SYSTEM E 
MPLOYING MULTI-CARRIER MODULATION 4 4 av^s] 4«i£]o| 4s ^Aiy] ^ 445 £4 A>44 

4 5154 4 444 44 44 514. 
MIMO ±jj7] 4^ 

4 14§4 444 443 31444 4444 44 MIMO 45444 44^ 4^4 7434JL mimo *flvg£j 4A34 
4^44 444 4444. 44^ 4^ ^4 Al^cifl uJ-aI 35142, 4i 44(444, 24. 42 4)4 

2x§44 4444. 2.44 44^ 4*114, 444 44 544 5"444 2444 tAjsich 4 ^4444 4 
44^ 4471 44 7144 CCMI (channel correlation matrix inversion) 714, UMMSE(unbiased minimum mean 
square error) 7]#, ^ ^Afl-CSI 7}^ ^^}^}, 7l## S.^f- <*X\ A>-g-^ ^ £ ^3 *3 ifl 

514. 

£ 1^ ^el7fl(N R ^ 5>^l4# ^l§>^ Cflol^ ^Bj-g; ^ ^7l Ali^(150)^ 44^14. ^ 

tfl N T 7flS] ^i* ^tll^SJf^ ?l*£l-b ^IJL-b N R 7fl5] <?}^4(152a ifl^l 152r) ^Sfl^i JL, AA 

S\ 4^7l(DEMOD)(154)(i?lH- < aH ^l^^)°fl a^?14. ofl^tfl, ^a) oj-Efli4(l52a)fe 

°J^l4a^^ uf^Sl ^ HI- ^ 512, ^ ^Bfl4(152r)£ 4t7}x]S ^i^slfe ^Jl 

1- ^ 514. 42:7l(154)ir ^4 ^1^1- 2:?l^^(condition)42(^?lc11, ^ ^), 2 2:^ 

a^4 ai^i- ^ ^4^14 7l^tfl«^a 4^*4*1, 2 4^*4 ^1^1- ^^1114*4. 4451 42:7l (154) 

fe- ^2 -ai-i- A 3 A J47l ^sfl^ 4^a]^ 404^^. A o v 7 i n]xl^S|.^ Afl^ cc*)- 4^§>j7, rx MIMO = 

S^Ai(156)°fl Ail^tVuf. 

44 #$4: 3«ll4 OFDM^l 44=14, 44^1 4^71(154)^ £ 3<>ll £a!^ ^2:7l(122)°il 4 S 3=| 

fe- iL44^r 7^e]l- aft ^«344. n ^ ^i, 44^1 4^71(154)^ 47l FFT HS^l^ir 444 a 
44 4^42 42 ^4 ^b! ^h^4 Ail^-44 fft Ha44( n l£^l)l- a44-^l, 44^1 ^^4 L7fl5l 44 
4 4*W1 ci!4L7llsi 42 -^44 S444. £4 42?l S] FFT =^^^3.^5] 42 -^4 ^1^ ^H^4 cl4 
E|4au47J47l(£ 5i ni£Ai)ofl ^1451^^1, Aj-7i ci^Bi4?a]Ai/447l^ 3*1 4451 fft =3.^3.^3 4 

2 4!4 ^h^4 44(2l' ; ll L7fl)£] 4^4 ^4 ^H^^a ^44 44. (*N) L7fl5] 4^1 ^14 4 
44 44^1 rx MIMO =3. 7144156)^1 Ail 44 4 514. 

MIMO Al^eflol 0FDM4 444^1 44 ^4°fl4, 445) RX MIMO 5.3*114 (156)7> A >4^ N R 7flsi 44 

4^11434^51 42 A J4°11 tfl«B MIMO ^e)4 4*34 4 514. MIMO aI^ac-i 0FDM4 7>4444, 445) rx 
MIMO 537-114 (156)4 44^53*1 ^4°11 44=14 L71151 444 4^ 44i cflsfl n r 7)151 44 4 
^11434^51 42 44-°11 MIMO ^e!4 4*34 4 514. 

N T 7)151 #4 4^1144 N R 7)151 44 43144 4^14 MIMO 4^°114, N R 7fl51 44 431451 4^4°114 4 
4=14 4^4 444 4°1 544 4 51431, 

r — Hx + n xi (o\ 



°414, t: 4 444 ^34 ^^(4, 44 4314°114 4^=14 44 44 MIMO 34^ 4^4 N R xi ^]) 
H7f 4^ 44i N T 7-fl-sq 44 4314 ^3 n r 7fl£] 44 431 4i ^flM 444 ^1444 n r xn t sflM ^1 
4 pflH^fiji, 25 4 44€ ^34 «44mimo ^^35) n r xi «4-i 77 4 444 4-^51 44 44 

314 N R xi «44i4. 444 ^34 *!4( * )4 4^ 44i N R 7fl£l 44 43144 4*A 44=14 N R 7fl5l 4 
3L34451 N R 7fl5l 42 ^ 44 5444. 4474ia, 44£ 434 ^)4( 2£)ir 4^ 44i N T 7fl 5) 44 431 
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CCMI 7l## AT-g-ftfa MIMO ±£Z\ 

CCMI 7l#«1| Al^efl^ ^a|£ a]:& ^( r)o(| tflSfl nfl^ ^AKg. 3*1 <rfl*rJl. 



H H r=H w Hx+H fl n Al 



(3) 



Sj\%7\ H fe- 3*1 ^ 4i 44^4. ^ *flH^i(R)fa ^flM 7^ pflH^^(H)£l- ^-3*1 H H 

?\ 4^71 ^sfl ^ r=h h H ). 

*w *i\^±(H)±r w ^^si^ -a -is. ^3 ^€ ^ 

6 W9 3* ¥«fl ^Sl-fe 3 C 1 -8-51*1-4. nelft £3*1 ^]#^ 5E*t 4113 431°14 4j?_S£ 

*i^£4. 4<a^ 43:4 e>i«flA-i ^ a* *ng-& ^*>7i 34 4^4 7]tf^i^ <y^t 

<r S!4 *41 S-*H*1 ^ ^flM 4^ ^ 4 ft 4*1^ F.*8(F. LingH 19991^ 1049 I 

EEE 44 Optimal Reception, Performance Bound, and Cutoff- Rate Analysis of Reference- Assisted C 

oherent CDMA Communications with Applications i 7]t|£H 91 4. "i&lft ^flM ^ hJ-^M- ^ 44 ^flM 

4^ 4^1 7flM ^ PflH^H)* -0-r:§>7] °^flA] n1I?j7- 33-^ ^ $14. 

34 434 ^( 4)^ <S]el( hH I )4 R9 «4(inverse)(£fa 94-^4)3- ^ft<^S*l ^ 5^144 o] 

4 444 go] £^ ^ 0}^ 

x' =R-*H w r 
= xir'H"n 

3 (4) 

39 4«41°_S44 34 434 2E)7> ^3 a]^ i£1b1( £)|^i^S}jia^A H HSJ-^-o. 

SflTiSl SNR^r g£ ^7§^ ^ ^ ^Alfl ^i-a^-E] 

^tl<a^^ 7]]7+5]4. >aft^ *™ ^ ^lsnl^oj. PflEeJ^(Hermitian matrix)^, ^, ZL^^ 4^-^^_ufl*J 

= f „ 2 I . and 



7'=J-I 



(5) 



^ ^a 6 >^ pflt=eJ i( *nv)(a r p^j ^b]^ ^ pflH^i R -1 49 4^-4 



n'n' 



- °"„ 2r ' A) (6) 



«H 6^. A >^-^^?1 #M s)9 i-^^ll I^^hsi ^ <T " ii! el ji, ^7H, ti fa r -1 «| 

4 cfl4 'ls3 1 ?iH <: '14. MIMO Al^^o] OFDM-i: A>-§-«>xl <^fa i-^^fl ^e)^Hfe i ifl^ ^ ^M-i 4 

Ej-^^. ZL^H OFDM°l 4-§-E)^, ^MElS j ^ /jaAH^E jkS ^ $1°-^, ^7} j fe-j^fl 
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CCMI ^sfl, *|3j:f ^(4, jc S\ iSH -lel^H)^ i4*l| t^^H^l SNRtt 444 go] 

4 »4: 



XL 



cr_ 2 . 



A) 



(7) 



^ pfl^ 341 £ ^34 1 " 3 ^3-7} AS 1(1.0)°1£, ^ ^31- snRtt 444 4°1 S4€ 4 SI 

4: 



= j-ij 



-.2. wa^T-i^ 



44 v " "A sift "r^€ ^34 ^3 i^fl -Sel^Hl- ^tTJ^M S§44 4 S1 4. 

n N ^ <?Ml4s4Bl ^lH^ 4ife *\3l ^y4M 43i-i *J^4 *r a}°4, 4-5-4 4°! 

$14: 

w 1/ Aj (8 ) 

AiJi^l SNR°J SNR tota | £ N R ^Al <y;£3143.4^ ^3 a] SNR£) 44 Jg-o_j«j- ^cfl SNR^ i4 

lk ^414. ^44 SNRtt 444 4°1 4 $14: 



(=1 °n (=1 'if 



Al 



0) 



£ 5^r 7i#5] CCMI ^el-S 4^4 4 31tr RX MIMO H3.^H(156a)3 44^-1 RX MIMO HS^HO 

56a)^i7^, n R ^ °43l43.4^3 ^2 4iLfe ^H]l-a]A-](5i2)i 431-^ 3 oj ^a]^ ^ ai^ 

r 3 il^t <§444. *33M PflH^^i H fe- ^4<M 4*14 44 4°l 4^3 4^ iLS ^91 ^ 44-733 

ejoj Ai^jq- ^-a>^; 4^ Ai^ofl 7li«H 4^4 4 514. R 4 n4°3l ^944 44 4°1 R = H H H 

i 44 ^14^4. 444 4^ 434 ^3 pflA] ^Bi(5i4)i 3*33 4^£3*i 4 (3)°ll 444 44 4°1 

^$H-4*1 7fl^ 7^ PflEBJ^ H H 6)| zj- _r 4 ^ ^Bj^^ ifljE-lir £4 ^7](516H ^«fl <^14 

nflH^ R -1 4 nje] #«fl^X] ^(4)^ h>5]- go] ^a]s1 t^^ ais. bjjb] g\ x f- ^^$4. 

1-4 SEi cfloiB] is^ *<d4 ^l«fl 44^1 fe- 5.^ Qn^S-^q ^7fl^| Al 

4 ^4, U ^444 4«fl ^#^1 s^fe- S47](5i8)i ^ S14. ^4^1 ^34 jc RX n 

HS.^A-](i58)i 6JS]£] 4^. ^a] SHI- ^S. -91- Ji 4 RX til ol b] =S.^4i(158) 

i ^1^4 4 S14(£ 5i^r n]£Ai). 

4^ rx MIMO =S^M(i56a)fe $<&7] 4-g-Elfe 44 sflTi^l 7 i4i 444fe 44 $ 4^^°J -9 

1- isnt 44^1 ^1- is^^ ^<M7i ai^^^a-] ^^i/^-csi 414i 444fe 

?l^sl^ ^31-4 a444. (^14^4) ^€ ^H^^ rx $1°}^ ^4*\058)°]} 

rx EfloiB] Ha^lA-i(i58)^iA-], -g^.6| ^e)^ ^34 ^h^^ a^^ ^aj x\± 

^°31a] A}-g-E)^. uj-Aj 34 Aj-^ ^^-s] ^ 4^ ^(i, M-PSK, M-QAM)4 A3 s S4^r zl^^ 4^ l^^Hi 
^S4. MIMO ^AJ n E | s = 4^51 EllolE^ ^13^ AS ^ 47fl 

£j ^fl^ cflolB] il^S ^Hlf-aiAj^ ^ JJO.^, ^A]7l ^EdJA] A>-g-£]i- ^ ig 2 Mj-^oil 44 

^S^4 4 514. 44^3 ^fll C^lBl AE^f 2^6J tJ\o}^ cfl*V^Al7l ^-U|Eo)|A-| A>-g-El^^4 

Aj-3. a^rSlfe- «o^4 A3*S4^ 44^3 tqscii ^l^^t ^ $14. 44^3 tlSejSJfBl ^S^sl cflol&|fe ^fl 

1 cflol^ iH^^ t^^t ^a]^ 44\fl4. 

^/a^a^^a-ai-ji 4csi =aAH^(520)<>1l 44 ^^°fl cfleb 

csil- ^^1/4433°J csi7> 4a] ijisi^ ^Ai7i Ai^^(no)i °3l4 4°i, c 

SI =S4H(520)fe 44^ 4^5} AlJli 7li*>^ ^A] ^fl^tf) ^ ^H-A> jflEBJA 0 n/j S Al( 
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7) ?J ^(9)1- 7l±£ SNRft 3141; ^ Si 4. SNR^ 4<^H1t11 s>4 ^1 4^3} 12 3i ^E) 

-?fle|o1 Al^Bfljzf -a-A^>7ll *r Si 4. ^ ^fl* SNR^r ^^171 Alison tj-Al a. ^ *f- °J CSI 

# i*H&4. ^2 jflvg ^71(522) ^ *fl^ ^ pflH^i H 1- 44 2^«Kr IS^i HS^H(524H 

^43. <H afllSA R 4 -f^fti}. ^H7l(530)fe RX MIMO H3.^H(156a) ^ RX = 3^H(1 

58) i 47l -frMH^I 4-§-ft 4444. 

UMMSE 7l£-£ 4-8-Sl-c- MIMO ^^]7l 

UMMSE 7]#i tfl44 4^7] Al^Bfl^ MM. j- 4 pflH^ M 4 a] a. gj^ ^ 3 i7 | 

MMSE 4^4 - ft 444 4°1 Xft€ <r SI 4: 

x = Mr . Ai(io) 

nflH^i M 4 a7l MMSE - 4 =£4£ ai^ giB] _x ( a | e= _ x «n -&] _e 5] ^3 ^ ofl 

3£M ^4 S|£^- ^1^4. 

M 4 l^*>7l Hi -g- 44 * 4^34 ^-6] s^t ^ $14: 

£• =£ , {e H e} 

= £{[r fl M H -x H ][Mr-x]} 

= E{r"M"Mr-2Re[x H Mr] + x''x} . 

44 f ft *>7l wi-g- 4^3 m 4 44 4 SI a. ^4fe 444 4*1 0*1 

€ 4 S14: 



^-e = 2(HH" + ft )M W - 2H = 0 . 



c-Ai }=I, E(rr } = HH +^ M , ^ E{rx "} = H a. a>-|-§]-^ t 4^- a) o] ^a>^4 : 

2(HH"+(!> M )M''=2H . 

444 is^i M 4 444 40] 4 SI 4: 

M = H H (HH W +^)- 1 . 

Aj(-io) $ 7liS.*M, =£43 Aia. a)^ _x 3 ±7l mmse 4*J4 ^ £ 444 4°l §^4 4 S14: 

x =Mr 

= H" (HH H + ^ n )"'r ^ ^ 2 j 

UMMSE 7]44 $ ft ^a] ^^cq SNR ^- ^^§>7] ^sfl, ftjl ^.ife ^7> ^sfl ^^sl jc ^ 

^ « 7]^S§M ^€ =r Sli 5 -^, 4ft4 S ft^ «*: 5ar=H; 

£[x|x] =£[Mr|x] 

= H"(HH H +^)- I £[r] 

= H"(HH"+ ( *„„)- 1 Hx 
= Vx , 

^-71 BflI?jA V TT 4ft4 
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V ={v,} 
= MH 



= H"(HH fi +^„r 1 H 



4^ %>-§-4 * , 



V = H"C'H(I+H' J t I Hr . 



nn 



X i =\ X l + " + V ii X i + - + %\ ■ Al 



(13) 



Eft | x] = v s x, . ^ 



A. 



ft S4 ftftft, ^ 3 B>0loj^5|xl chli *f|^ ^ft iS] ft^°J - ft ftftft £o| flH^Ajsl E 

41 tflft D flESA D -i £ nlBl ft*M ft Slft^: 



-~ U vS > a} (15) 



ft7l 



ftftft CR> ftft^ft 1^*>71 3*1 WftH^Sftl &ft ftftlS ~ 4 ^A]£ MM. ^*A}o]«\ 6fl5l i 4ft 



32]- ^O] 



e =x-D v x 



ft: 



= x-D; 1 H"(HH w +(tr 1 r 



, =Us{« tf } = £[ee"] 



1 n-U n 1 T»-1\D« 



^-D^HftHH" + 0J- , H(l--iD;V(l--jD- 1 )HftHH" +^r'HD;'. 



oflB) «9)Bl £ 6] te^B^l jg^i. „ // 5|.^*>u|-. ^5] ifllB] £ ^1 'fSl^Hir :nftl4, °J 

^sftdft 41 £ 51 tel^HAH^l ftA^ ^ an €*>7} a]^ ^°\]^ *ft]£ft At-g-^ 

an. 
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^7} 3-f 41, 413 ^3 - £1 47144 nflH^rtfe- 444 4°1 4 514: 

A, = I -d;'[I - <r> 2 I + Rrta -|Di') - (I -|d;')[I - <7> 2 I + R)" JD? 

= U = {«„}. *1(16) 

U = I-D; l H"(HH'' +^)-'H(I-iD v , )-a-iD- 1 )H''(HH'' HJ'^'l 

2 2 A] (1 7) 

i^^ll 44?! -Sl-i 4444 4^7l SNR4 444 £<g:g ^ ojuf : 



^] (1 8) 



TftSJ ^ X ,-£1 3g^> 1*1 1* 7> Jg 53.2.3. 1(1.0)4 451444 44 ^34 ^3 SNR4 444 4°1 

4 34: 
SJWf, = — . 

£ 64 RX MIMO HS^H(156b)£l 4*H4 sa]^, ^^sl (JMMSE ^e]4 4 S 34 ^ 514. CCMI 4^4 44 

441, pflH^^ H ^ 0 „„4 ^ 44?! 451^ 4Jl 444 ^sjsH 4^44 514. n4°fl 4 

4 414 4lH^ M 4 4(11H 44 4)4?!4. RX MIMO ^3.4M(i56b)MHM, N R 44 44143.433 42: 
^344 4^71(612)^1 4*ti 5sfl*H 44?! 42: -31- _r si ^H^-i- ^4J44. 44?! 42: ^4 ^3 _r 4 
^4°11 4^7l(614)i 2\n m 4 n l3 *!(10H ?144 44 4<4 444 ^4 ajel _x 4 4^4 

- 4 S JW4. 4^4 - 4 443 5^71(616H 4*ti cfl4 "fll?li D v - 1 4 D l3 4*W^1 3(15H #4 
?! 44 4<4 44?! ^4 ^ si 4 d H A Js41 &4 4^4 - 4 s J A j44. 

44 41*3451 44 fiH^ll 44, 41^ ^Hei^ ^.g. o^ fl A}-g-si^ jjMflva ^ a^v, 
?i 4444 f-sfl <444 Hit- 2:444 2:471(618H 4 514. 2:4?! 42: 4 n^Ml RX 

el H3.Ai4-i(i58)oil Aii^^ui-. n.€\jL, 5144 44 44 S.H°ll 4144 4^?! 4^-^4-4 RX cIMe] =s.Afl 
4(158)^1 33 *114€ 4 514. 

«>ol ol aj e) xl <g£ ^2 aj^ I ^/SEfe ^4?! 4S ^4 ol CSI i3.^H(620H Ail^El^, o]^ 

^fe #4 *fl^l 41«r ^441 ^ 44 CSI4 4^4^- 44^1 Ali^(no)i 4*1 iLJi4 ^ ^11/44 CSI4 a11^4 

. °114 44, CSI Ha^4^(620)ir ^ (16) ifl^l (1 8) 44 l4*fl ?14 ^3 SNR4 4^44. ?14 Afl^Sl SNR4 

44^1 Ai^tfl^s 4*1 iLJisl^r 44-CSI4 S444. ^ (11)°11^ ?ll44 44 4°l sl^si M4 °4l 
s\ S§4 2li44°4> 44. D v 4 ^ (16H 44 ^1444. 

?14fl-CSI 71 #4 4-fi-SK" MIMO 4^471 

^^-CSI 7l#i rqn«H, N R 44 4^4^ #^i*1 444 4s^r 47l ^ (2)°ll S4?! 44 4°l 4 5lai: 

t — / /.v i it 



443 4^*143 stfl^ PflHSl^ §«fl Sl*ll sj^?! ^snlE p|EdA<^ j,^^ §ol i^^cl-: 

II H II eke" 
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«^7H. E 4 jLft# A 4 514451 °11 1-51 444 N j xN j 44714 q (1 

H 44 z><4 jT-frtft 91 El- A>-g-§>o^ n T te Afle _b f. ^(precondition)!?. $4. 444, N 

T 44 4314^4^1 ?i44 4s 4314 444 go] a^siT^: 



If" II 



A isnlH <a7>zHH3., n44 «gi4 4M4sl (unitary) «gi°14. 44^1, 4! _b 5] tel^^} 414 
^(power)l 7>444, jc 51 'fsl^Hir 414 ^1 7>44. aij^ 41"4 go] S^sli}: 

r=HEb+n^ (ig) 

4444 ^A^g. ^^Jl, ji^-^b1o)1 ^o] ^^ttcr. n^-^-Z\t\$r % 445j ^ 

2}7> tf"El _z flJ7 444 go] S*I^T}: 

Z=E H H H HEb+ E H H H n= hb+n' Al 

— — — — -1 \AJ) 

<*|7H, is4 44 44 444 2<>1 S44 4 SI 4: 



£(M H ) = £(E"H H nn fl HE)=E w H"HE = A Al 



(21) 



4, 44 ^44 H44°3l ^AHl ^*fl 4H^4l4. _Z 51 SNRtt 7 j ©I jL, /l 51 |4*fl tfl 

4 €21^^14. 

4*fl-CSI *le|4 'ti^S *14 4*li|44J: 09/532,492i 4^1*1 7fl/.lE]ol $]4. 

£ 5i £71^ ^Aisl tel^E^ ^^_csi 7lH ^44^1 A>-g-^ 4 3.4. 444 4^ ^34 i$m _r 4 ^44 

Bl(514)i 5}«fl ^Bl^5|JL f °lel4 4^ 7] (20) i S44 44 4°l 445] ^1 _r 1 4^4*1 *fl^ ^ «34 
H H £). nl e] 444. ^144 ^B^sl ifllElir 7] (20)i S44 44 40], ^7l(516)i 5] sfl 7^44 jl-?}-^ E 
h 5j. nlel #Sfl;*H ^ aj^ ^ _b 51 4^*1 _z 1 ^44. 3411-CSI 711^1 , ^1 = 3>fl^(524)fe- Tjsfl- 
4 J4f^ E H 1 711^§>£1=- ^£4. jL4f Tie] (if- #4, ^47](518)4 RX 3441 HS^]Al(158))r 414 

44 4°l ^7^4. 

Ti^ll-CSI 7l#i cfl«fl, ^7j7l -a-MH^ jT^-^ofl oi«fl SNRi 7l^§M 4^51 Jl-H-^Bj ofl iflft 3^ 

5|- ^2 ^7fl(^, 7O3: Bfl*l(constellation)l 7flM STiol CSI7> ^^7H>%1 S.JLS\o\ ^x\7}°]} 

*\ ^^1 ^Tfl^^ll A >°151 7i^^li7-l gxlt ^ §11 ^^71 ^7] Al^Hjo^ ^ 

^7]^ SNRl 7>7j ^^91 AWGN ^°J«>4. 

^Ji a^- Jffi- CSIl #7-171 7l^eq o.g, ^7] ajI^-Tr 

o^7l7^ Jf^-CSlH-i 1^, CCMI £fe UMMSE) £fe Ti^ll-CSI 7lH 7>-g-§l-^ ( zj-z]-^ ^^5] SNR 

ol ^X}^ Alj^] tfl«|l <a^^l4. ^ofl ^^j^ SNR ^ qig-^ *fl^ ^.§11 ^a]71 71^^ o_ a 

471 iLH5l4. 7fl^(S, Zj-Zj-Ol Jf^ ^fl^i J7 7>if§>7llir OFDM^l 7>-g-5| zj-zj-^ 7fl 

Mi tflSfl) ?i*4 ^3151 SNRTj:! slH^^a^l, MIMO 711^51 7ll7i§>7l 7^^ ^el(^s 

1"^, 3 3^ ^3 ^2)51 ^«°1 ^*-CSI slH^ 7lli cfl«fl, ^-§-^3 ^lel^r ^^ft CSI S^l ^ 

^^-CSI 3f|H^ 7Hi t^si 7j i( Hj-H7l ^o.^^. ^tfh 13 SH* H-a-^il- Jl-a-£H)fl zl-zl-51 7> 

■8"€ ^^M°31 H-fr^5l- H-8-SH51 ^7>^ -g-^l^Tll *>7l ^«11 ^^^44. 



CCMI 711^1 ^Tjsl «1S 7j^(^s ^ f ^ Jfl^ofl^ ^-g-ofl t^*> l-V,| a /<,Vafe. 

SNR, =l/^« ^ ^Al7H] s)H«?^4. UMMSE 7l#«] 7§^, ^7j^ ^#£1 SNR S(it i^^fl ^ 
l^°fl>H ^31i cflft s^-^lKlV-. rci^ SNRJ = 1/uJj ^ 7 l^i u M ir 7j (16)4 (17)i 44 4 

°1 7fl4^3)4 *47H1 5|j£^€4. ^^-CSI 71151 444 4^ ^3151 SNR4(<=ill 14, i4^fl 4# ^fll 
4H4i 444 ^li cfl4 ' 1/1 « , ^7]-*] ^ ,1-4 44*34 R 51 ji44 
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33)4 4333 32333. 3*H-CSI 343 Cfl*fl, Jl-H-fiH E 7\ 433:2-4333 s)j£333. 44 5J 37H-C 
SI 343 ^«fl, SNR-cr 333 334 2343 3 «fl ^3333 A>-g-£c|-. ^l-CSI 343 34, J7.422 E 4 3 

4 fl^l 32 -g-t-i- 3314431 ^-§-=14. 

4433 43 aji^ C SI4 331322, 7>432S 24 34^& SfSH 4334. 3 W^l, 331 24 44 

csi4 433 O.S. 2ji3ji, 7>43 3^1327} oi^ofl csHi 71243 4334. 331 csi 34011 cflft ^ 

3.*\, ^31324 2il3 J14223 cflft (oflei A}3Lofl 7l2ft) 4333. ji-fj-^ft £ 3322 JI4223- 43 flf 

= 7)1 3443 42 33 44 344 44 42 <3313333. 33 33°H13, CSI4 347} 514 ^(°114 44 
447} 43 3334 *fl)°llft 4332 34 323 333 42 424 444. 4433 csi3 <qs_*\, s 
NR4 <=>1 -&<=>1 444 ^4 4334H4 43, 343 ±3.). (MIM04 7}334 24 7>33 &ft) OFDM 3^0) 
34, 444 2*113333 444 32«-M CSI3 4333 ft^# 34443 3433. 4433 CSI4 444^ 
OFDM Ai^6flo) M 4333 cflft 43 ^4 4*1133. 31444 SNR3 434 34, 334 233 

43 snr gl 32 n3:n. 34 444 4333 2H33. csi3 cflsfl 3234 33344 4233^- 44 44 
gj ^ oi(|e| ^-g 714^1 444 4 344 4 433 ^3^34. 

£ 14 33 4243, RX MIMO 22341 (156)3 331 433 33I 2^r 44-CSI(34 44, iTi SNR)4 TX 3 
33 22341(162)3 31432 33ft CSI4 33ft3 44 343 ft^3(154)3 33sl cllolBll- ^ 

444. 323(154)4 333 ^331- ^y}s. 333343 csi4 44 *H34 43 44 7l a] ^ ^ (1 1 0) 3 43 
3444. 

32^(110)33, slH^ 324 434(124)3 Bjsfl 4333, 423(122)3 331 4^=1 2 RX cflolE^ h 

S^44132)°11 ^444. RX cflolE^ ^S.^44132)^ TX ^}o)^\ (162)°11 Bjsfl 4*3?l 44 4a^°J ^s] 

4 4 S S42- °14 tx tflolBj hs-^H (114)4 tc mimo Ha^AKi20)°il °l4°il si«fl ^ell- 2^44^-11 

443^ ^^11/44-CSll- 4€44. 

4471 Ai^Bfl(no)4 4471 Ai^(i5o)^s4Bi ^7fl/Jf^-csi(°ll4 44, SNR ^iLH 7l^M a>4^ 7^e]# 
2^(4, ^4)44. °ll4 44, 44^ ?14 ^4ia^4 ^iL hIh^oi SNR°ll ^14^1 S4 7| s)l a] 

^^4. 47>a, ^11 tfl-g; ^^lfe- ^ M SNR°ll 7l^4*| 4^44. 4& TlelHi- 
44, °J^e]«J) SE4 2:^sH °144 4 4^3 ^^^^14. cfl^fl SNR^ll 7li4 442] ^4 

43 ^e|4 4^-7^^ MIMO Al^6fl cc^. ^^_ ? ^o) 714 MIMO Al^Efl(<m-l- 0FDM4 4444 MIMO 

4471 Al^EfloflA^ ^t^ofl cfl*l- 2.^3). ^2- ^Tflofl cfl*)- AjEfl^. o^E^ 714^1 7l^H 43 3 jl, °1 ^ 4 714^ 

447> nl4 4*1 #€^51 09/776,073°ll 7flAl^uf. 

44H4 44, CCMl gj UMMSE) gj ^41-CSl 7144 MIMO 3^6^01 4^ ^ gj ^ 4^114^ 44°fl 
^33 47>s] 4334 A>-g-e>£s. ^ ^a) 7 i ^e] 7140^, MIM04 A>-g-e>^- c>igc>14. CCMl gj U 
mmse 7144 4H4 4^1 42 ^4 0 1 37fl csi4 4-g--g)-^ mimo Ai^Efl^i cfltb 44 4°1 44^1 4°J 44°fl 
Tflsfl ^4^1514 44. 4^14 4& 4471 7^ 7144 ^71a] jl a « ^^o] ^^/^_csi 
7144 434^ 4434. 444^1, £ 54 £ 64 MIMO 344 ^e]4Ji, 34 ^fl3^ 43(4, SNR)4 134^ 
443 Ai^ig^s xixfl ^4 44 CSI4 iLJi4 4 $14 443 a1>^ = ajaH1# ^^4. «^7lA] 333 3 

4°11 7lift 43 4t11 3 43 443 7^ 7143 7>443 3 43^ ^3^134. 

44-CSl 714(34 44, CCMl 3 UMMSE 34)4 £4 3*11 433 33: SNR £4 3&I4 SNR3 3^M 7J 

33 ^47>34 37fl 4?4l 3i|H34 ^ 437H1A| ^-g-/§ 33 43 (straightforward manner)AS a> 

44 4 34. 3 43-^S, 32 S34 433 SNR 433 24 433 3e]43 3i4<^ 33=13, 434 32 
^vj\ 0 ] s_i= ^ ^)^oi(| tfl«|| a>^-^4. <si^ ft HjtfjA Ai^ig ^e134 4237133 ^44 334 4^ 43 

343 3244 443 423^14. 

323 33333 71144 3 433 3711/44-CSi 32«Jj 343 4422 3334. 44 csi 32«j4 7>3 3 
23 33301 711433 331 csi 323^: 7>3 333=4 32.34. 323 3344 443 43 3333: 



1=1 

333 r i 4 44 CSI 343 34 333 433 32 343 SNR 2^r 3*11 CSI 343 34 333 34 33 
3 SNR34. 33 33 34^ cflft S nr4 443 43 244 4 34: 
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OV " CCMI 7]£$H 



1 



U " UMMSE 71 ^S] 

r, =-r 

°" , CSI 71 £3 

£ 7 AS}- £ 7B^r 44-CSI ^ ^^ll-CSI 7144 A}-g-S}4 4x4 MIMO a1^5) aj^ Ea^t}. a} 

SHIM'S 0.3.^3 447} £<>144. All-ill ol ^6)]^, 443 sflvg 7^4 <gi H S| tel^H^r zftS. ^ 43 

444 7>A] S-^ 7>^ a-^Wl^A-1 £1^514. 44^ ^Xj-ofl cfl «fl , 4^ <&2\^%. 44°1 S§ AJ £] J7 ^ 4 6fl 

cflsfl ^14£ ^e)^=°l ^S^H 7^44 4#44. 

£ 7A^ SNR S°11 314 3*11 -CSI, 44-CSI CCMI 33 44-CSI UMMSE 7144 34 MIMO a^ea 5] ^5 
A-le)^ £a1*Vt^. £ 7AS4^ 44-CSI UMMSE 7145) ^4 SNR -SI 7^451 314 75% 

°H 44 snr sHa-1 3*11 csi 7-1 el 4 i ^444 44 4 4 $14. 44-csi ccmi 7l£«| 713^4 44 snr 

4£--CSI UMMSE 7l#£] 7} 5} 45) 314 75%-90%°14 44 SNR 3Ha] tflgi (JMMSE 7} el 45) 30% °1 

4°14. 

£ 7Bfe- ^|<»lEjtf| ^lisn.^i 7la«M a|aj^ 37 ]-xl 7l#i 314 4^1 44 4S 44(CDF)4 £Al44. £ 7B 
34 ^4 16dB5l SNR^A-l, ^5l^=ol CCMI 7145) ^4 2bps/Hz 3l 314 5%°J ^47> $^44 

4 44 £Ai44. 44, UMMSE 714^1 7^44 4°J4 SNRiA-i s.^ ^4^ ^ 7.5bps/Hz 0 l4°l4. 44Ai, 

UMMSE 7144 CCMI 714^4 44 4^ 4i4 741^ 7§*go} o]4. 

4471 $ 4471 Ai^Bfl £| t el^H^ ^4 ojAj-tf) qxi4 4Jl a-1 el 7l (DSP), 44 4^ ^33S(ASIC), IS^l 

Ai, pHHSi^H, a|H71, pHaS^Efe^ s^v s a;i Bfl7]-^ t441(FPGA), £S^|74 fee|i4, 

44 34 4^ £^ 2|4l 4434. ^74-1 Aj^^ 7 ] -3]. Ha^A4 0 H4i aj^e)^ 

i£l?lH£ 434 4 $14. 

4 4^51 4^4 °i 4 4^31 °i 5] 2|4l 4334. °}1# 44 CCMI $ UMMSE 7l4i ufl4 A14 4^ 

^14 ^ SNRSl 44i tfltb ^144 HS^lAl4iAl ajs^ h^^^ 7la*H 4 S S^4(£ 54 £ 6°M 44 

71(530 3i 650)). 

^^^^aH<h1 cfl^r^^Sl 4^4 4^A>i 7] | a. Tils j£ir A}-g-oi 7 >^4£4 44. °14 ^aH^I tflft 

°4-l 4^4 4^A>i^i 4°14 4°H, °44i ^4^1 °J 451^^ 4^ 51 ^4 ^^14 ^°14§i 0 l 4& 
-a *H ofl ^144 4 $14. 44Ai, £ 4^4 ^ahi^ 4^471 i?14 4 0 l 4M4 4^?1 4^1 ^ ^S4 4 
^cfl 444fe- 7>4 4«^i4 ^44i 444. 



44_<ysi 44-4^ (MIMO) f-AlAl^^oilA-i 4a41s4b1 44 7l 4^ ©.s ^|<>1bH #^*}7l ^ 
4471 4^°l4i, 

44^1 44 4B1144 4«11 44^1 4j14 444^ 4^14 a44^i, 47l 44 4^14^4^ 44^1 43:^ 47l 
4471 44^s.4^ ^14^ 44 °145l 4^51 444 S44^, 

C144-1 ?144 3«H 44^1 4451 ?14iM51 4^4 44^1^ i^ 4^^jiL(csi)4 4£47l W 44 

471 csi 4 4a1 471 4471 4^-^-a ?144^ 4^14 S444 
471 4471 4^i4. 



- 17 - 



g-7fls-^ ^-2003-0085040 



^7} -ff* .2.3.^ #7} CSI# ^SKr #7*1, ^ 

*o i^hi sh*!, A o v 7i a.jua cis^r a o v ^i ^3 zi-zh cfl?v -as. tii ^ (SNR) 

^j^^j- 3 

4 2%H1 a^Al, Aj- 7 j ^A)7l -ffijH^S] ^e] ig-Tflfe- cfl?v SNR ^3*H 7li§H zW ^^Wl 

Til 3%H1 ^7} ^^^] cfltt cflolE^ ^^Wl cfl?V SNR ^§*H 7li§H 7flt2j o_S. 3.^ 
3)^5. 

Til 3%H1 A ^7l S^^lfe Jl^^ riflol^ 2 £t 4-g--g)-^ Aj- 7 j ^j8fl^ci(| ufl^- cIM^-i. a^Kr 
^"P"^" 6. 

711 3%H1 floH, ^Al7] ^^S] ^el^ir nfll&^l SNR^§*H 7l&*H Tjsjs] ^i 1 * 
7. 

Til 1%H1 Aj-7] j^jt^ ciS^r Tl^^^ojl tfl-g; a^§>ir 

8. 

Til 1%H1 a ^7^, Aj-7] j^jT^ GSI-b ^71 4^5] ^jsflMcfl tfl-g; jL-H-SH ^ jl-H-^ ^i^ir « c >^ . 
^T 1 ^" 9. 

Til 8%H1 &<>H, Aj- 7 } -R-yjJ^S] 7^^^ JH-ffSH 7l±«H A o V 7l 3£*H^i c]]*V CflolE^f- 3^*Rr 
Cj-Tlll- S^Rr ^ 

^"P"^" 10. 

Til 9%Hl &<>H, a o v 7 ] £4171 -R-yjH^Sl ^^lfe «|s 4^}7] 3«H ^7} ji-ffsH 7l±«H 

ifia^i 4^ Ti^^fl^oll tfl^ tflflBll- ig^>ir ^7111- i^-S>ir 

^"P"^" 12. 

Til inHl $1^7^, Aj-7] ^a)71 ^6flAjS| 7^^711-^ Jl-a-ilH^l 7li§M Ti^^oll aj-7] ^^.Aia.^ A }#o\] 

Til nHl ^7} CSIfe 4 V 7l -a-^^S^ 5.^ Ti^El^ ijj-ig. 

^"P"^" 14. 

Til 13%H1 51^7^, Aj-7] C | S ^. Aj-7] ^A)7l o.^ 0_ S a-E^ ^71^ °.3l E.Zf- Ti^El^, Aj- 7 ] C SI °11 tfl^ ^^^lBlfe- ^ 
711 ^^>°H Ti^ir H 0 Vl S. 

^T L ^' 15. 

Til 1%H1 S1^7^, Aj-7] CS |i^ <g?fl*l# i^slr 7fl^ S.AJ 6] ^^.7]. ^^nfl ?i^E)ir 
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%T1t 16. 

31 8%Ml $133, 43 jl-ffSLE ?J 43 jL-S-St^ 4434 CSI4 44 3434 44 

•|7 i 

3 143 ^33, 43 CSI4 31351134 323.2 333(CCMI) 3eH 7li§H 43 4471 -84H3 4234 
44 

3^$- 18. 

31 17%H1 &33, 43 ^43 4^44133 ccmi 334, 

43 ^JS ^!it 3343 444 42 31^ 4244 ^rTflsq-; 

3 1 1S?] A 1 44 43 443 4231-^ 1e1^«M 13^3 42 31^ All^Kr 434; 

3 2 ^2324 43 13^3 £2-8 -g-^H 4334 Ail^Kr 434; 

43 333 4-§-3 443 34*flM3 Tg-Tfll- 2443; 

43 4 132324 333 3^ 3«H 7>434 443 34434 ^ 443 444347H3 3^ 433 
4334 4434 44 

All 18441 &33, 43 4243 41 44 43 42 34 4334 42:4*1 43 424 344 3444 434 s. 
444 4^ . 

20. 

All 19441 S33, 43 323 4341 44 4^1 424 344 32344 434 2444 44 
21 . 

3 18441 $133, 5l c d c dl 34 42 31 4334 1443 143 42-91- 4334 3444 434 
a 444 44 

22. 

31 18*8-41 $133, 471 444 423441 3243 7fl3 34 ^l^it 4244 434 2443; 
471 3 1 il?li^ 47l *m 34 1l?liS^l -8-2=14 44 

^T 2 "^ 23. 

All 22441 5133, 471 7fl^ 7^14 is^r 43^ 33341 3444 444 423441 7l&*H 4234 4*3 



24. 

Ail 18441 $1373 471 aii 232324 471 aii 13232243 423 344 32323 44 

Wl!" 25. 

31 1441 $1373 CS |i^ wl-ol^i£]^ 3^ 3444 3 3 (UMMSE) 333 7}3l^ 43 4471 433 

7-1 42514 44 
26. 

All 25441 Aj-7] UMMSE 3el^-, 

471 443 424 3343 ^Aisi 42-9 44 4244 434; 

471 Ail 13232 M4 471 443 42344 443 343 42343 4334 3^44 434; 

43 443 423441 3243 333 344 343 443 443 3471133 434 4344 434 244 
3; 
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^7} 4 1 nflH^i M^r ^7] fta -91-^*1 Si ^ ^S^K^f- ^i:ftft:E^- ft^fe 

27. 

*WRr ft?})-!- iEft«H; 

A J"7l SM^^^XI ^ ft^ ^ ^xlofl 7li§H 

28. 
29. 

zfl 1ft°ll MIMO ^tgft ^^Hr ft2:(OFDM)ft ft«8ftft ft'ft 

3^$- 30. 

«H ^3 ft ft*ft 

ftft-<^ ftft-ft^(MIMO) fftH^ift ^Al7l ft^Sft^ ^Al7l ft^S 3H^ft ftftft7l ^ ft ft«^ o_ 

^ft7l ft^lft, 

ft^3 ^ft7l fttHftft ^fl ft^3 ftjLft ^ftftft ft^lft Sftftftcll, ftz] zJ-zJ-Sj ^ft ft^ftsft^ x\ 
Sft ft7] £ft7] ft^°. SftEl #ft£ ftft ol^-S] a} jr ^ ^ev^. £ft«H, 

ft7] ^ftft ftjLft *]5^M ft7l ftftzl ft^Sft^ ft^ft ftS^ft^ ^3*1* ^lftftft ft 31, 

n°]t\ ^ftft 3«H ft-§-£ ftft3 #ft*fl^3 ftiL cfl ftft c]e>7l ?_H](SNR)-§: ^jftft ft 3), 

ft7l #ft*fl^l tflft SNR ^§*l-t ft^l ftftz] ft^ofl ^ftftft T^Tfl, ?J 

32. 

^ 31%H1 a^^, ^7} Z>Z]-o)l tfl ft SNR^l A J-7l Zj-Zj-^ ^^sfl^^l uflft ^ SNR ^ 

^^Ife ^7} ^ft7l ^-^J O.S. 4^1 *d*Slfe 

33. 

n°]^ A >-g-?l cflft ^-Sftfe ft^lil-; 

W t±X\ ^7} ^ft7l ?i*ftir ft^ll" C] aftftir 

^T 2 "^" 34. 

^ 33%Hl k^^i, ^7l ^A)7l -ff^i^, 
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35. 

4 31%M1 $133, 43 44£ 4^344 43 S34H4 pflH^i 334(CCMl) 43°ll 44 3334 44 

36. 

*0 31%H1 &33, 43 4^344 433^33 44 2\± 3444(UMMSE) 43°ll n)-5} ^ e] s] ^ ifj-'g. 

37. 

*ll 3143 &33, 43 443 43333 333414 34433 cfltt 43 ^43 SNR3 44 4451 34433 
cfltb 31 3 ^-t s344 344 i«>44 33. 

38. 

^ 3743 &33, 43 ^33 -8->H133 333414 34433 cfl?!: 44£ SNR ^§3°ll 7li*H 3«]€ 4 

2U*H 7li*H 443 34433 44 s33 31334 «2*lr 44 

39. 

4433 4443 (mi mo) 443^^3, 

443 -8434, 

4^6] ^Al 0>^^ # ^ ^6] AlJrS ^Al§>J7 + AJJ^ ^ §M 44€ 4^344 4 44£^ 4^ € 

443 lejE.<>Jn S^^jAl, 

43 HS434 3433, 43 ^ai^ ig^i-^ 51 ^ejsH iflolBl 34^& 343 4434 

443 34433 4444 ^Tl 3iL(csi)i- 4^4£4 433 33£ 443 ^3 mimo 2.3.4*\, 



43 ^3 MIMO HS434 3433, 471 443 -H-^cifl uJ-aI ^^§>7l 34 43 csi# 334^4 

433 £443; 

471 4471 ^3 ii^E] Aijr-j. ^ ^ei§H 47l 343 CSI4 434^4 433 33£ 44 

3 4^71, $ 

471 443 CSli 7l±«M 471 ^43 3-34 3443 ^4 4334 334^4 433 #4 433 =s.*||X| 
1- i444 4433 4443 (MIMO) 443^*3 

40. 

^-<>m 34-43(MlM0) 443^43 A>-§-§i-i- ^Ai7i 43°-S3, 

443 44 4444 4*fl 443 343 444 444^ 43 443 444 3343 443 42344 444 
£4 433 443 H3H-<3:e 5.3.434; 

471 443 H3H-<3:e 53.434 34f£H, A 1 453^4 44 471 ^44 32.344 43343 13*S€ 
42344 44424 433 434 54444, 47l 4 1 pflH^l^ir cfloiE^ °i§m 4434 443 ^ 

4 4tll4 ?J 443 44 4^l44°l3 *tiW33 4^ ^14 44^1^1; 

43 ^^si^, ^ 2 iH^^3 47l 4^^?1 42-^44 44^ 42-^43 4^34 ^4^4 
4 A J^ 4^33; 

43 ^^7Hl ^34 43 t133 344 343 443 443 344133 434 4343 43 433 43 

434 44314 434^ 3a(CSl)4 ^4£4 433 43 4*1 4333; 

43 ^33 3-3^43 3443 34 43 csi# 4443 334^4 433 34 ^33 ^a^l34 i444 
443 3-3. 

^^41. 
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^T 2 "^" 42. 

^ 40%Hl ^7} 



•^3 AJ-71 ^*}±r -SSltfl n]*>7l ^(SNR) S^}^ ^7] 



TT X 



^^p-^g- 43. 



tt :x ■ 



4171 ^ 



^n 2 "^" 44. 

^41 ^ ^s^M qs^a ^WKr -fi-^J. 









[TJ 













O 

o 



o 



- 22 - 



g-7fls-^ ^-2003-0085040 





- 23 - 



g-7fls-^ ^-2003-0085040 





- 24 - 



g-7fls-^ ^-2003-0085040 



3 




1 










s 






t y — * 

to 










to 






> 





ft 
I 



3^L 

fa 



IS 


3 






5 







8 



to 



- 25 - 



g-7fls-^ ^-2003-0085040 




- 26 - 



g-7fls-^ ^-2003-0085040 





'M 




1 m 








l> 



I 


* 









T 



ft 


O 

















to 
o 



K 











c?Si 












■ 














J 






t 
























IS 


s 






ft 






( 




1 


D 

ill 


« — ► 

00 





o 

> 



- 27 - 



g-7fls-^ ^-2003-0085040 



<S i— <h 



n 











s 




a 


I 




i 




» • • 










8 



> 



to 
> 














.2, 


_^ ' 


4 ► 

OO 



o 



- 28 - 



g-7fls-^ ^-2003-0085040 




- 29 - 



RU2 139633 

PUB DATE: 1999-10-10 

APPLICANT: SAMSUNG ELECTRONICS CO LTD [KR] 

HAS ATTACHED HERETO CORRESPONDING ENGLISH LANGUAGE EQUIVALENT: 
US6631121 

PUB DATE: 2003-10-07 

APPLICANT: SAMSUNG ELECTRONICS CO LTD [US] 




(19) (H) 



(51) MnK 6 



2 139 

H 04 B 7/26 



(13) 



633 C1 



POCCMMCKOE ArEHTCTBO 
no I1ATEHTAM M TOBAPHbIM 3HAKAM 



(12) 



Oni/ICAHHE H3QEPETEHHfl K flATEHTy POCCHMCKOH cEEflEPALjHH 



CO 

to 
o> 

CO 
CO 



(21), (22)3aaBKa: 98106848/09, 09.04.1998 

(24) flaTa Hanana p,ev\CTBv\n naTeHTa: 09.04.1998 

(30) npnopnTeT: 16.04.1997 KR 14002/1997 

(46) flaTa nyGnwomiii: 10.10.1999 

(56) CcbiJiKu: US 4435840 A, 06.03.84. EP 0395092 
A2, 31.10.94. US 4612415 A, 16.09.86. WO 
92/12601 A1, 30.07.92. WO 90/10342 A1 , 
07.09.90. SU 1837403 A1 , 30.08.93. 

(98) AApecAnfl nepenncKM: 

129010, MocKBa, yn.B.CnaccKafi 25, crp.3, 
'TopoflMCCKHM h napTHepbi", EwienbsiHOBy E.M. 



(71) 3afiBMTerib: 

CaiwicyHr SjieicrpoHMKC Ko., JIta- (KR) 

(72) M3o6peTaTenb: CyHr-XooH K)h (KR) 

(73) naTeHTOo6riaAaTenb: 

CaMcyHr SneirrpoHkiKC Ko., JIta- (KR) 



(54) CnOCOB M YGTPOMCTBO YnPABJlEHM^ CJlY>KEBHblM KAHA^OM B MOBMJlbHOM CMCTEME CB^3M 



(57) PecjDepaT: 

3a^BneHbi cnoco6 v\ ycTpoMCTBO atia 
ynpaBJieHU^ cny>Keo"HbiM KaHarioM 6a30BOM 

CTaHU.MM B M06HJ1bHOM CHCTeMe CB33M. CllOCOO" 

BKnwDHaeT onepai4wn BbMwcneHMfl Harpy3KH 
6a30BOM CTaHi^MH, ecnn BbNucneHHafi Harpy3Ka 
AocTuraeT noporoBoro 3Ha^eHi/m, to nepeAann 
coo6Li4eHnn 3anpoca Ha3HaMeHMfl 
AonoriHMTeribHoro anyxeo'Horo KaHana 
npoi^eccopy MHTspcjDeMca nnaTbi KaHanoB w 
AonoriHMTeribHoro Ha3HaneHMfl criy>Ke6Horo 
KaHana, n ecnn BbiHMcneHHaa Harpy3Ka 
CHi/ixaeTca, to nepeflaHM coo6LU,eHMjq 3anpoca 
OTMeHbi Ha3HaHeHMfl cny>Ke6Horo KaHana 
npoi^eccopy HHTepcfeMca nnaTbi KaHanoB n 
OTMeHbi ynoMAHyToro cny>Ke6"Horo KaHana. 
TexHMHecKMM pe3ynbTaTOM flBnaeTCfi 



nOBblLUeHMe SCjDCjDBKTMBHOCTH 1A CTa6wnn3ai4i/in 
XapaKTepMCTMK MOSwnbHOM CUCTeMbl CBH3M. 2 c. 
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(54) METHOD AND DEVICE FOR CONTROLLING SERVICE CHANNEL IN MOBILE COMMUNICATION SYSTEM 

system characteristics. 6 cl, 



(57) Abstract: 

FIELD: controlling base-station service 
channel in mobile communication system. 
SUBSTANCE: method involves base- station 
load calculations, transmission of message 
requesting assignment of additional service 
channel to channel -board interface processor 
and additional assignment of service channel 
when calculated load reached threshold 
value, transmission of message requesting 
canceling of service channel assignment to 
channel-board interface processor and 
canceling of mentioned service channel when 
calculated load is reduced. EFFECT: improved 
efficiency and stability of mobile 



communication 
4 dwg, 2 tbl 
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O&nacTb TexHUKU 

M3o6peTeHne othocmtch k Mo6nnbHoti 
cucTeivie cb^3m, 6onee KOHKpeTHO k cnocooy w 
ycTpoficTBy a/i* ynpaBneHHfl cny>Keo"HbiM 
KaHanoM 6a30BOM CTaHi^nn a^ noBbiiueHUfi 

3C|DC|DeKTHBHOCTM H CTa6HJlbHOCTM XapaKTepMCTMK 

cucTeivibi MHOxecTBeHHoro flocTyna o KOAOBbiM 
pa3,qeneHneM KaHanoB. 

I"! pGflLLIGCTByK)LL4MM ypOBeHb TSXHUKU 

B coBpeivieHHbix cucTeiviax m h okbct Be h h o ro 
.qocTyna c koaobnm pa3AeneHweM KaHanoB 
(MflKP) cry>Ke6HbiCi KaHan, peani/i3yeMbiw Ha 
nnare KaHanoB npMeMonepeAafoiAefi 
noflCMCTeMbi 6a30BOM CTaHL^H (nnBC), 
Hanpniviep KaHan nMnoT-cumana, KaHan 
CMHxpoHM3ai4nn, KaHan noMCKOBoro Bbi3QBa nnn 
KaHan flocTyna, HasHanaeTca npeflBapnTenbHO 
m, TaKMM o6pa30M, SKcnnyaTupyeTCfl 

HeM3MeHHblM 06pa30M. ripH nOMCKOBOM Bbl30Be 
MOSnnbHOM CTaHI4MM nocpeACTBOM np^MOM 
nUHMM CBA3M CMCTeMbl MflKP 

npneMonepeAaKJinaiR noACMCTeMa 6a30BOM 

CTaHUMH OCyLUeCTBn5ieT nOHCKOBbIM Bbl30B 

cooTBeTCTByjou^ero TepMMHana n ocpeACT bo m 
npeABapnTenbHO Ha3HaneHHoro KaHana 

nOMCKOBOrO Bbl30Ba C KOHKpeTHbIM HOMepOM 

(Hanpniviep, 1). B oSpaTHOM nnHUM CBA3M 
CMCTeMbl MflKP nocTOHHHO Ha3HaHeHHbiPi KaHan 
AOCTyna c KOHKpeTHbIM HOMepoM (Hanpniviep, 1) 
wcnonb3yeTCfl atih yciaHOBneHUfl coeAMHeHMfl 
Me>KAy Mo6nnbHow CTaHu.nei/i n nnBC. 

OAHaKO TaKow cnocoo" noncKOBoro Bbi30Ba 
MMeeT p?iA HeAOCTaTKOB, KaK onucaHO HH>Ke. B 

np^MOM nMHMM CBH31/1 CUCTeMbl MflKP, XOTfl n 

HeT neperpy3KH b nnBC npui ocyii^ecTBneHMM 

nOHCKOBOrO Bbl30Ba M06wibHOM CTaHI^MH c 

tohho M3BecTHbiivi TeKymMM MecrononoKeHneM, 
OAHaKO Harpy3Ka nnBC B03pacTaeT ripn 

nOUCKOBOM Bbl30Be MOGlinbHOM CTaHI4MH, 

TeKymee nono>KeHne kotopom tohho He 
M3BecTHO. Hn>Ke 6yAyT onwcaHbi npuHMHbi 
B03HHKHOBeHMfi npooneM npw iiomckobom 

Bbl30Be M06l/inbHOM CTaHI^HH l~ipH OTCyTCTBMH 

tohhom MHcjDopMai4nn o ee MecTonono>KeHMH. 

npM nOMCKOBOM Bbl30Be MOGnnbHOM CTaHL^HH, 

TeKymee nonoxeHne kotopom tohho He 

M3BeCTHO, BbinonHfleTCfl nepBMHHbIM nOI/ICKOBblfi 

Bbi30B, ocyLnecTBnaeMbiPi asihhoPi nnBC, n 

BTOpUHHblM nOUCKOBblM Bbl30B, 

ocyLAecTBnaeMbiM 30HOM, coAep>Kau4eM 
HecKonbKO nnBC, nnn ojiokom HA®HTHcjDMKai4HM 
oonacTW MecTOHaxo>KAeHnyi. Ecnn nonoxeHne 

MO^HnbHOM CTaHUHH TOHHO He H3BeCTH0 Aa>Ke 

npn ocyi^ecTBneHnn BTopuHHoro noncKOBoro 
Bbi30Ba ; to ocyu4ecTBn«eTC?i 
LunpoKOBemaTenbHafl nepeAana TpeTUHHoro 
noncKOBoro Bbi30Ba, peann3yeiviaFi L^eHTpoM 
KOMMyTai^nn Mo6nnbHbix CTaHi^Mki (L(KMC). B 
TaKOM cnynae b nnBC MoxeT B03HHKHyTb 
cocTOfiHMe neperpy3KH BcneACTBMe 
MHTeHCHBHoro TpacjDHKa, m b cucTeivie MoryT 
MMeTb MecTO HapyiueHnyi pa6oTocnoco6HOCTH. 
KpoMe Toro, A£i>i<e b o6paTHOM nnHMM cba3H 

CMCTeMbl MflKP MHTeHCHBHbM TpacjDMK MOKeT 

reHepupoBaTbca BcneACTBMe B03pacTaHMfl 
Bbi30BOB, BbinonHfleMbix nepe3 KaHan AOCTyna 
Mo6nnbHOM CTaHL^new, OTBeTOB Ha noncKOBbie 
Bbi30Bbi nnBC nnn BcneACTBMe KonnnecTBa 
perncTpai4MCi b cucTeMe. no3TOMy b 
orpaHnneHHOM KaHane AOCTyna MO>KeT 
B03HHKHyTb neperpy3Ka, n coeAMHeHne Me>KAy 
Mo6nnbHOM CTaHL^MeM m nnBC MO>KeT CTaTb 
HecTao~nnbHbiM. 

CyiAHOCTb M3o6peTeHna 

3aAaneM M3o6peTeHkifl flBnaeTCfi co3AaH^e 
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cnocoSa m ycTpoMCTBa ynpaBneHna cny>Ke6HbiM 
KaHanoM nnBC atia noBbiLueHM^ 
34)c|3eKTHBHOCTM n CTa6nnn3ai4nn xapaicrspucTHK 

M06nnbHOM CUCTeMbl CBJR3H. 

Eme oahom 3aAaneM n3o6peTeHM^i nBnneTcn 
co3AaHne cnoco6a m ycTpoMCTBa, 
o6ecneHHBafou4MX onpeAeneHne nponycKHoPi 
cnocoGHOCTM cny>Ke6Horo KaHana nyTeM 
npeABapnTenbHoro nporH03npoBaHns Harpy3KH 
Me>KAy npnMOM nnHneM cba3h m o6paTHOM 

nUHMetl CBA3M. 

KpoMe Toro, 3aAaneM M3o6peTeHMfl aBnaeTCfl 
co3AaHne cnoco^a m ycTpoMCTBa, 
o6ecneHHBaf€Li^MX AHHaMnnecKoe Ha3HaneHne 
pecypcoB paAMOCBA3n nyTeM npeABapnTenbHoro 
nporH03npoBaHMfi cocTO?iHna neperpysKH b 
cny>Ke6HOM KaHane, KOTopaa MoxeT 

06"pa30BaTbCfl npM BOSHUKHOBeHMH CUTyai-^MM 

cpoMHoro xapaicrepa paAnocB^i3M. 

B cooTBeTCTBMM c oahum M3 acneKTOB 
M3o6peTeHM5q cnoco6 ynpaBneHna cny>Ke6HbiM 
KaHanoM 6a30Boi?i CTaHi4nn b Mo6nnbHOM 
cucTeMe cb?i3h BKnfOHaeT cneAyHDLmne 
onepai^nn: BbmncneHne Harpy3KH 6a30BOM 
cTaHi^Mn; ecnui BbNUcneHHan HarpysKa 
AOCTuraeT noporoBoro 3HaHeHHfl, to nepeAana 
coo^LneHMfl 3anpoca Ha3HaneHHfi 
AononHMTenbHoro cny>Ke6Horo KaHana 
npoueccopy HHTepcjDePica nnaTbi KaHanoB m 
AononHMTenbHoe Ha3HaHeHwe yKa3aHHoro 
cny>Ke6Horo KaHana; a ecnn BbinncneHHafl 
Harpy3Ka CHH>KaeTca, to nepeAana cooSiAeHna 
3anpoca OTMeHbi Ha3HaneHHfl cnyxe6Horo 
KaHana npoi^eccopy HHTepcjDeMca nnaTbi 
KaHanoB, n oTMeHa ynoM5RHyToro cnyxeSHoro 
KaHana. 

B coot BeTCT bum c ApyruM acneKTOM 
M3o6peTeHMfl ycTpoMCTBO Ana ynpaBneHMfl 
cnyxeGHbiM KaHanoM 6a30BoPi CTaHi^nn b 

MOSnnbHOM CUCTeMe CB9]3V\ COAep>KMT 

npoueccop BbNucneHna Harpy3KH ati« 
BbNMcneHna Harpy3KH 6a30Bow CTaHU,nn; 6noK 
naM^iTM AJifl xpaHeHM?i pecypcoB, CBfi3aHHbix c 
AononHMTenbHbiM Ha3HaneHMeM cny>Ke6Horo 
KaHana Ha ocHOBe BbinncneHHOM Harpy3Kn; 
KOHTponnep cny>Ke6Horo KaHana a^^ nepeAann 
b cnynae, ecni/i BbNucneHHan Harpy3Ka 
AOCTurHeT noporoBoro ypoBHfl, coo6LneHi/in 
3anpoca Ha3HaHeHns AononHMTenbHoro 
cny>Ke6Horo KaHana npoi^eccopy MHTepcjDeiica 
nnaTbi KaHanoB v\ Ha3HaHeHMfl AononHMTenbHoro 
cnyxeSHoro KaHana; a TaioKe nepeAann, ecnn 
BbiHwcneHHafl Harpy3Ka CHM3nnacb, coo6u4eHH5^ 
3anpoca OTMeHbi Ha3HaneHHfi cnyxe^Horo 
KaHana npoi^eccopy MHTepcfePica nnaTbi 
KaHanoB n OTMeHbi ynoMAHyToro cny>Ke6Horo 
KaHana. 

KpaTKoe onucaHMe HepTewew 

BbiiueonncaHHbie 3aAann n npenMymecTBa 
HacTOflmero M3o6peTeHM^ no^cH^fOTC^ b 
onucaHnn npeAnoHTHTenbHoro BapnaHTa 
ocyiAecTBneHMiq M3o6peTeHH?i, 
unniocTpupyeMoro nepTewaMU, Ha KOTopbix 
npeACTaBneHO cneAywiAee: 

<t>wr. 1 - 6noK-cxeMa nnBC; 

<t>nr. 2 - AnarpaMMa, noKasbiBaiomaa 
Harpy3«y KaHana noncKOBoro BbisoBa n/ifl 
TpacjDMKa np^MoPi nnHnn CBA3M, cornacHO 
npeAnoHTHTenbHOMy BapnaHTy ocyiAecTBneHM^ 
HacTowiAero M3o6peTeHHfi; 

Our. 3 - AnarpaMMa, noKa3biBaioLAa5i 
Harpy3«y KaHana AOCTyna a^^ TpacjDMKa 
o6paTHoCi nnHnn CB5R3M, cornacHO 
npeAnoHTHTenbHOMy BapnaHTy ocyii^ecTBneHM^ 
HacTosiAero M3o6peTeHnq; 
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Our. 4 - ctDyHKi^noHajibHaa 6noK-cxeivia 
ycTpoMCTBa ynpaBneHWfl cny>Ke6HbiM KaHanoM, 
cooTBeTCTByKnnero npeflnoHTMTenbHOMy 
BapnaHTy ocyLU,ecTBneHHfl HacTOfliu.ero 

M306peTeHMfl. 

fleTanbHoe onucaHne npeflnoMTHTenbHoro 
BapnaHTa ocymecTBrieHUfi H3o6peTeHH?i 

B HM>KecneflyioLJ4eM oni/icaHMM xopoiuo 
M3BecTHbie cf)yHKL;nM hum ycTpoPicTBa, KOTOpbie 
He cyLnecTBeHHbi Ana n3no>KeHHfl cyu^HOCTH 
v\3o6peTeH\An, fleTanbHO He onucbiBaioTCfl. 

HacToamee M3o6peTeHne npeAycMaTpi/iBaeT 
BbNMcneHMe MaKCMManbHoro TpacfrwKa, KOTopbiki 
MO>KeT reHepnpoBaTbCfi b HanxyALLieM cnynae b 

np^MOH nMHHH CBA3M C yHeTOM BepOflTHOCTM 

reHepnpoBai-infl Bbi30Ba Me>Kfly Mo6nnbHbiMH 

CTaHL^HFIMM , Bbl30B3 OT MOSl/IJIbHOM CTaHL^HH K 

Ha3eMHoPi CTam^HM, Bbi30Ba ot Ha3eMHoPi 

CTaHL^MM K M06HJ1bHOtl CTaHL^MM H HMCJia 6MTOB 

coo6Li4eHMfl, reHepnpyeMoro npH ycTaHOBneHMM 
o6bNHOM cb?13m no Bbi30By. Ecjim Harpy3Ka 
CHdeMbi npno\nn>KaeTCH k noporoBOMy 

3HaHeHMHD, TO flOnOJIHUTeJlbHO BblfleJIflfOTCfl 

KaHanbi noHCKOBoro Bbi30Ba Ann ooecneneHUfl 
o6pa6oTKM Harpy3KH b cwcreMe. Kpoiwe Toro, b 
OGpaTHOM J1HHHH CBFI3M KaHanbi flodyna 
flonojiHMTeribHO bboahtca c yneTOM 
Bepo^THOCTH reHepnpoBaHHfl BbisoBa m 
TpacjDHKa, reHepnpyeivioro npw ycTaHOBiieHUH 

OSblHHOM CBA3H no Bbl30By. TeM CaMbIM 

o6"ecneHMBaeTCfl ocpaSoTKa neperpy3KM b 

CMCTeMe, KOTOpafl MO>KeT B03HMKHyTb 
HeOKHflaHHO. 

KaK noK33aHO Ha 0nr. 1 , 
npHeMonepeAaiomafl noAcuicTeMa 6a30BOM 
CTaHi^Hi/i (nriBC) 2, coeAMHeHHaa c 
KOHTponnepoM 6a30BoPi CTaHi^nn (KEC), 
coAep>KHT npoueccop ynpaBneHi/m (l~iy) 10 
nriBC, npoLjeccop HHTepc£>eMca nnaTbi KaHanoB 
(nuriK) 12 m MHO>KecTBO KaHanbHbix aneivieHTOB 
(K3) 14-0,..., 14-n. 

GnrHaribHbiCi noTOK (1) wnntocTpwpyeT KaHan 
nepeAaHM cooSmeHHfl 3anpoca 
AononHMTeribHoro Ha3HaneHHfl cny>Ke6"Horo 
KaHana, a iiotok (2) MnniocTpMpyeT KaHan 
nepeAa^M coo6"meHi/m OTMeHbi Ha3Ha<-ieHi/ifi 
cny>Ke6Horo KaHan a 

B ycnoBMax Mo6wnbHOM cba3h, KorAa 
nepeAaBaeMbie cwrHanbi noABepraioTCfl 

3aMMpaHM?1M BBHAy pe3KOrO M3MeHeHMfl ypoBHfl 

npMHMMaeivioro CHmana, BecbMa b3>kho 
yHMTbiBaTb Harpy3Ky Me>KAy npaMow nnHneCi 

CBA3H M O^paTHOM nHHl/iefi CBH3M ATIA 

o6ecneMeHMfl 30c|DeKTMBHoro 

0yHKI4MOHMpOBaHM?1 CHCTeMbl. B 

npeAnoHTMTenbHOM BapwaHTe ocymecTBneHi/ifl 
M3o6peTeHM5R nponycKHaa cnocoo"HOCTb 
cny>Ke6Horo KaHana, KOTopan MO>KeT 
noAA©P>KHBaTb oanaHC Me>KAy Harpy3KOki b 
npflMOfi nMHMM CBA3H m Harpy3KOM B OGpaTHOW 

nMHMH CB513M, onpeAenaeTca, KaK onwcaHO HH>Ke, 
Ha 6a3e CTaHAapTOB IS-95, IS-95A, J-STD-008 

M CAI, KOTOpbie OTHOCflTCfl K Cnei^HCjDHKaL^flM 

B03AyLUHoro MHTepcj^eMca. 

(1) npflMafl nMHMfl CBA3M CHCTeMbl MflKP. 

B npeAnonoKeHMM, hto ycTaHOBneH 
oGbNHbiM TpacjDMK, HarpysKa nonHoro TpacjDMKa 
BbNMcnfieTC^ npoueccopoM ynpaBneHMfl 10 Ha 
ocHOBe cjDopMaTa coo6LneHMfl, onpeAeneHHoro 

TeXHMHeCKMMM Tpe60BaHH?1MM , 

npeA"b«Bn^eMbiMn k B03AyuJHOMy MHTepcjDeMcy 
IS-95, IS-95A h J-STD-008. Ecnw 3Ta Harpy3Ka 
npn6nn>KaeTCfi k noporoBOMy 3HaMeHHKD, to 
npoi^eccop ynpaBneHHfi 10 nepeAaeT 
coo6LneHne 3anpoca Ha3HaMeHna 
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AononHHTenbHoro ony>Ke6Horo KaHana 
npoueccopy 12 MHTepcjDeMca nnaTbi KaHanoB 
AJ15R ynpaBneHMfi KaHanbHbiMM sneMeHTaMH 
14-0,..., 14-n. Harpy3Ka BbNuicn^eTCfl c 
yneTOM cneAyfou^MX ycnoBHti. 

npeAnonaraeTCfl, mto coo6u4eHMe, 
Mcnonb3yeMoe b KaHane MflKP npaMoPi nHHMH 
CBFI3M , MMeeT cneAyioLi^ne xapaKTepMCTHKM . 3to 
coo6Li4eHne ocHOBbiBaeTca Ha CTaHflapTe IS-95. 

Coo6LueHMe, wcnonb3yeMoe b npfiMow nnHnn 

CBfl3H MflKP 

1 . Cny>Ke6Hoe coo6ii4eHne: 752 6nTa 
ripeAnonaraeTC^, hto Mo6nnbHa?i CTaHi4i/m 

He BKnioHaeT AaHHbix noATBep>KA©HHfl 
noAnnHHOCTM b cooBL^eHne KaHana AQCTyna. 
Hucno nepe^Hfl coceflHux CTaHi^MM paBHO 16 
Coo6Li^eHne napaivieTpa CMCTeMbi: 164 6nTa 
Coo6u4eHne napaivieTpa AOCTyna: 152 6nTa 
Coo6L4eHne nepeMHfl coceAHkix CTaHi^HPi: 
264 6nTa 

Coo6LU,eHMe nepeHH?i KaHanoM MflKP: 72 
6nTa 

2. Coo6iAeHne Ha3HaneHHfl KaHana: 136 

6HTOB 

3. Coo6Li^eHne KOMaHAbi n OATBe p>KA e hue 
npneM3 6a30BOM CTaHi^MM (BS_ACK_ORDER): 
112 6HTOB 

4. Coo6ii^eHne KOMaHAbi noATBep>KAeHMfl 
npweMa perMCTpai^MM (REG_ACK_ORDER): 112 

6HTOB 

5. Coo6ii4eHne noHCKOBoro Bbi30Ba b 
HHTepBanax: 240 6mtob 

ripeAnonaraeTcsq, hto ocyii^ecTBnseTC?i 

nOHCKOBblH Bbl30B 5 M06nnbHblX CTaHL^HM CO 

CKopocTbio nepeAQ'-iH 4800 6/c 

6. MMcno KaHanoB Ha ceKTop: N = 20, 24, 
28, 32 

7. CpeAHee BpeMS Bbi30Ba: T = 90 c 

8. BepofiTHOCTb 6noKnpoBKn: B = 2% 
npeAOCTaBn^eMa^ HarpysKa A MO>KeT 6biTb 

npeflCTaBneHa cooTHOiueHMeM 

CpejiHee uptnn bubd3A x llcmHDe hhcho 
d6uH«H i uh x ( nBM3/a6oHeHT j 

Jk = ri CErlang] 



Hac. 



1 1> 



rAe l~IBM3 - nonbiTKH Bbi30Ba b HHTepBane 

3aHflTOCTH 

10. nonHoe HMcno a6oHeHTOB M 
onpeAenaeTCfl cooTHOiueHneM 



a x Hac. 



CpeAHee sperm BUB03a x llonHoe hhcjio 
abOHBHTOB x < nBH3^a6oHBHT > 



1 1 . rionbiTKi/i Bbi30Ba Ha MHTepBane 
3aH?iTOCTM (l~IBH3) Ha a6oHeHTa: S = 1,50 

12. Mucno ycTaHOBneHMCi Bbi30Ba b nac 
(YBM): YBM = M x S 

13. 06"LAMfi TMn B03HMKaiOLAMX Bbl30BOB (M 

nacTOTa ocyLL^ecTBneHMn) 

OT M06MnbHOfl CTaHI^MM K Mo6nnbHOM 
CTaHL^nn: 5% (50%) 

OT MOGnnbHOM CTaHL^MM K Ha3eMHOM CTaHI4MM ! 

65% (85%) 

OT Ha3eMHOM CTaHI^HM K M06nnbHOM CTaHL^MM: 

30% (50%) 

14. CKopocTb nepeAann ashhnx b KaHane 
noncKOBoro Bbi30Ba: 9600 67c, 4800 67c 

15. 3c£cjDeKTHBHOCTb o6pa6oTKM b KaHane 
noncKOBoro Bbi30Ba: 90% 

16. npeAnonaraeTca, hto nucno 
perncTpau.nM cocTaBnseT 10. PerncTpai^Mfl 
npeACTaBnaeT C060C1 npoi^eAypy o6pa6oTKM 3 
BbinonHfleMyto MoGnnbHofi CTaHi4neM, atia 

HHCjDOpMUpOBaHMfl 6a3QBOM 

npneMonepeAafOLnefi CTaHi^wn 0 CBoeM 
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nono^eHMM, oraTyce, LjMKne BpeMeHHoro 
MHTepBana n Apyrwx xapaKrepucTMKax. 

Ha ocHOBe BbiLuenpuBefleHHbix 

npeflnonoKeHUM xapaKTepucTMKa noriHoro 
Mucna 6mtob cny>Ke6Horo coo6"u4eHMfl (TOHMB), 
KOTopafl mo>kgt reHepnpoBaTbc?i b npflMoPi 
nnHnn cb?i3m MflKP coo6LneHneM cny>Ke6"Horo 
KaHana b nac, npeflCTaBnaeTca b BUfle: 



TPMB 



HHC/1Q LJCTaHDBOK 



I' OH MB = 



4ac 



Overhe sd Ms g_Ferioil 



X Overhead_Hsg 6MT , 



C31 



rfle Overhead_Msg_Period nepMOA 
nepeflann coo6ii^eHna cny>Ke6Horo KaHana m 
Overhead _Msg coo^LneHne cny>Ke6Horo 
KaHana. 

XapaKTepucTMKa 6MTa nonHoro coo6"i_u,eHMfl 
Ha3HaHeHH^ KaHana (TCAMB), KOTopaa MOKeT 
reHepupoBaTbc?! b np^MOki nMHMH CB5R3M MflKP 
cooGLneHneM Ha3HaHeHna KaHana b nac, 
onpeAen?ieTCfl cneflyK3LL^MM oo"pa30M: 



TCAMB = 



HmCJIO LjCTaHQBQK BM3DBOB 



Hac. 



X J.5S±gii_Msg 6MT, (4) 

rfle Ch_Assign_Msg cooGmeHne 
Ha3HaHeHM?i KaHana. 

XapaKTepucTMKa nonHoro nucna Smtob 
coo6meHMfl KOMaHflbi noflTBep>KfleHH5q npneiwa 
perncTpamnn (TRAOMB), KOTopaa MO>KeT 
reHepupoBaTbca b npflMofi nnHnui cbasm MflKP 
cooGLL^eHneM KOMaHflbi noflTBep^eHna npneivia 
perncTpai^nn b nac, onpeAenfleTCfi cneflyfOLUMM 
o6pa30M: 

TRAOMB = nonHoe nncno 

aGoHeHTOB • (nncno 

perncTp./a6oHeHT) • Registration_Ack_Order_M 
sg 6mt, (5) 

rfle RegistrationAckOrderMsg 
coo^LneHne KOMaHflbi noflTBep>K/],eHHfi npneivia b 
nac. 

XapaKTepucTMKa nonHoro HMcna 6mtob 
coo6LneHns KOMaHflbi noflTBep>KfleHHfl npneivia 
6a30BOM CTaHi^MM (TBAOMB), KOTopaa MO>KeT 
reHepi/ipoBaTbca b npflMOM jimhmm cba3w MflKP 
cooGii^eHneM KOMaHflbi noATBep>KAeHHfl npweivia 
6a30BOM CTaHi4nn b nac, onpeAenaeTca 
cneAyHDLu,nM o6"pa30M: 

TBAOMB = -tnO/lHOB HHCJIO afiOHeHTOE X (HHCilO 



per MCTf. yabOHGHT) X 

HMCnO UCTAHQB. BU3DSDB 
u > x 

Hac. 



BS^AcTt_Or-der-_Msg 6MT J 



rp,e BS_ Ack_ Order_Msg - cooGmeHne 
KOMaHAbi noATBep>KAeHHfl npneivia 6a30BOM 
cTaHL4MM b nac. 

XapaKTepucTMKa nonHoro MMcna 6mtob 
coo6meHMfl noMCKOBoro Bbi30Ba (TMPB), 
KOTopas MoxeT reHepnpoBaTbc^ b npflMOM 
nnHMM CBfl3W MflKP coorjmeHMeM noMCKOBoro 
Bbi30Ba b MHTepBanax b nac, mokgt 6biTb 
npeACTaBneHa b BWAe: 
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Hac. 



X <P XF 4-P XF 5 X 
MM MM LH LM 



.. Hmcjio UCTAHOEDK 

x Hmcjid cexTopoB b Hdc + Hac 



X CP XF +P XF ) 
MM MME LM LME 



„ Hmcjio uct . busoboe 

X FlOflH De HMCJIO CBKTOpOB 



X CP 



XP +P XP D XFGPEXSOF 
MME LM LME 

X Slottedjagejigs 6MT <7> 

TAe PmM " BepOflTHOCTb B03HMKHOBeHMfl 

Bbi30Ba ot Mo6nnbHOM CTaHi4MM k MoGnnbHOM 

CTaHI4MM, PmL - BepOflTHOCTb B03HMKH0BeHMfl 
Bbl30Ba OT MOtJMnbHOM CTaHI4MH K Ha3eMH0M 
CTaHL^MM, P LM - BepOflTHOCTb B03HMKHOBeHMfl 

Bbl30BOB OT Ha3eMHOfi CT3HI4MH K M06nnbHOM 
CTaHL^MM, PmME " BepOflTHOCTb OLJJM6kM Bbl30Ba 

ot Mo6nnbHoCi CTaHi4MM k Mo6nnbH0M 

CTaHI4MM, PlME - BepOflTHOCTb OLUM6KH Bbl30Ba 
OT Ha3eMHOM CTaHI4MM K M06"HnbH0M 

CTaHi4MM, F MI vi - KOGcjDcjDML^neHT, Tpe6yeMbiM ati^ 

yCTaHOBKM 100% Bbl30Ba OT M06nnbHOM CTaHI4HH 
K M06MnbH0M CTaHI^MM, Flm - K03C|DC(DMLI 1 MeHT 1 

Tpe6yeMbiM Ana ycTaHOBKM 100% Bbi30Ba ot 

H33eMHOM CTaHI4HM K MOGnnbHOM CTaHI4MM, 

FGPE - oujn6Ka noMCKOBoro Bbi30Ba nepBOM 
rpynnbi, SGP - noncKOBbiM Bbi30B btopom 
rpynnbi, Slotted_Page_Msg - coo6iA©HMe 
noMCKOBoro Bbi30Ba b MHTepBanax b Mac. 

XapaKTepucTMKa nonHoro KonM^ecTBa 6mtob 
(TBPH), KOTopaa MO>KeT 6biTb nonyneHa b 
np^MOki nMHMH cb^3m MflKP b nac c yneToivi 
ypaBHeHMki (3), (4), (5), (6) m (7), MO>KeT 
6biTb npeACTaBneHa b cneAyfou^eivi BMAe: 

TBPH = OverheadJIsj 6m)T + CH_Assign_Msg 6MT 
+ Re-g_Acl<_Oircler_Msg- 6m)T 
+ BS_AcV:_Ordef_n5g 6mT 
+ Slottea._Facre_Mgs GklT 

= TOHMB+TCAMB+TKAOMB+TBAOMB+TSPMB. (8) 

HarpysKa KaHana noMCKOBoro Bbi30Ba 
PCH_LOAD, coot BeTCTByjo mas ckopoctm 
nepeAaHM a^hhux b KaHane noncKOBoro Bbi30Ba 
PCH_Data_Rate (9600 6/c, 4800 6/c) b np^MOM 

nMHMM CBA3M 

PCH_LOAl>CK> - 



Emt npaMoro KaHana jjgagMica. 



] xioo, 



PCH Data Kate X HiC. XFCH_pro ^performance 

rAe PCH_ pro_ performance 
scjucjDeKTMBHOCTb oSparjoTKH b KaHane 

nOMCKOBOrO Bbl30Ba. 

(2) OBpaTHas nnHMfi cb?13H MflKP. 
EcnM ycTaHaBnMBaeTcn o6bNHbiM Bbi30B 5 to 
coo^meHMe oGpaTHOM nnHMM cb?13M MflKP 

COAep>KMT C006LHeHMe MCTOHHMKa, 

ncnonb3yeivioe ati^ onpeAeneHMfl MCTOHHMKa 
coo6LAeHM5i, coo6meHne OTBeTa Ha noMCKOBbiM 
Bbi30B, Mcnonb3yeMoe An^ OTBeTa Ha 

nOMCKOBbie Bbl30Bbl OT 6a30BOM 

npMeMonepeAafomeM CTaHi4HM, m 

perMCTpaLinoHHoe coo6Li^eHMe, Mcnonb3yeivioe 
An?i perMCTpai^HM. CKopocTb nepeAaHM AaHHbix 
b KaHane AOCTyna paBHa 4800 67c. 
ripeAnonaraeTCfi, hto cpeAHee Bpeivm Bbi30Ba 
paBHO 90 ceKyHA, 3qbcf)eKTMBHOCTb o6pa6oTKM b 
KaHane AOCTyna paBHa 80% n HMcno 3anpocoB 
Ha perncTpai4MKD ati^ OAHoro aSoHeHTa paBHO 
10. Bee KaHanbi AOCTyna, OTHOCALUMecfl k 
KOHKpeTHOMy KaHany noMCKOBoro Bbi30Ba, 
MMeroT oamh m tot >Ke pa3Mep BpeivieHHoro 
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MHTepBana. l~lpe>Kfle HeM TepMMHan nepeflacT 
coo6meHMe Ha 6a30Byio npneMonepeAafomyto 
CTaHi^MK), onpeAerifihOTCfi Hanano m 
AnnTenbHOCTb KaHana flocTyna. HHTepBan 
KaHana AOCTyna coctomt M3 npeaM6ynbi KaHana 
flocTyna m naKeTa coo6LL\eHHfl KaHana flocTyna. 
TaKMM o6pa30M, MHTepBan KaHana AOCTyna 
onpeflenaeTca KaK (3 + MAX_ CAP_SZ) + (1 + 
PAM_SZ) (rfle MAX_CAP_SZ - MaKCHManbHbiM 
pa3Mep naKeTa KaHana AOCTyna n PAM_SZ - 
pa3Mep npeaM6ynbi KaHana flocTyna). 
npeflnonaraeTC^, hto pa3Mep naKeTa KaHana 
flocTyna paBeH 4, a pa3Mep npeaMoynbi paBeH 
1. TaKMM o6pa30M, pa3Mep BpeMSHHoro 
HHTepBana KaHana flocTyna paBeH 180 mc. 

Ha ocHOBe npuH^Tbix Aonyu^eHMM Harpy3Ka 
ORLD, KOTopaa MO>KeT 6biTb ccjDopMnpoBaHa b 
o6paTHOM KaHane MflKP coo6LL\eHneM 
MCTO^HMKa 3a nac, onpeAenaeTCfl cneflytoii^MM 
o6pa30M: 



ORLD = C 



H HCflO UJCT ■ Bbl3 OBOB 

Hac. 



X P X F 1 
ML ML 



X P X F 3 
MM MM/ 



<10> 



MmCJIO UCT.BU30BOB 

* C HaiT 

Harpy3Ka PRLD, KOTopas mokst 
cf)opMnpoBaTbCfi b oSpaTHOM KaHane MflKP 
coo6Li4eHneM OTBeTa Ha noncKOBbiM Bbi30B 3a 
nac, BbiHMcnfleTCfl cneflyfomuM o6pa30M: 



HMCJIO UCT. BM30BOB 
PRLD = C 



X P X F J 
MH MM 



X P X F 1 
LM LM 



t±l> 



HMCJIO UCT. EH30EOB 

* c Hac^ 

Harpy3Ka RQLD, KOTopas MO>KeT 
qbopMnpoBaTbCfi b oSpaTHOM KaHane MflKP 
cooGmeHMeM 3anpoca perncipai^nn 3a nac, 
BbNucnfleTCfl cneflyfou^MM o6pa30M: 

RQLD = Mucno aSoHeHTOB • Mucno 

perndp. • Flm- (12) 

C yneTOM BbiLuenpuBefleHHbix ypaBHeHMM 
(10), (11) h (12), nonHaa Harpy3Ka TLOAD, 
KOTopas MoxeT reHepupoBaTbc^ b o6paTHOM 
KaHane MflKP 3a nac, Bbipa>KaeTCfl cnepy\cii\\AM 
o6pa30M: 

TLOAD = ORLD + PRLD + RQLD. (13) 
HarpysKa KaHana flocTyna ACH_LOAD b 

o6paTHOM KaHane MflKP MO>KeT 6biTb 

npeACTaBneHa b cneAyiomeM BMAe : 



ACH_LOAI>< x> = 



= C 



<: L laC/Slot_Si2:e 3 XACH pro perfornance 



1 XI DO. 



PesynbTaT aHann3a TpacjDMKa b npflMofi 
nnHMH CBA3H MflKP npuBe^eH b TaonMU,e 1 . B 
TaonMU,e 1 noKa3aHa Harpy3Ka b cooTBeTCTBMM 
co CKopocTHMi/i nepeAann AaHHbix b KaHane 
noi/icKOBoro Bbi30Ba, npMHeM npeAnonaraeTca, 

HTO 06bNHblM Bbl30B BbinonHfleTCfl Ha OCHOBe 

cjDopiviaTa coo6LneHnq CTaHflapTa IS-95. 

B Ta6nwu,e 1 N - nucno KaHanoB TpacjDMKa, A 
- npeflocTaBnaeiviafl Harpy3Ka. BuTbi noMCKOBbix 
Bbi30BOB, 6wTbi Ha3HaneHMfl KaHana, omtw 
noflTBepxcfleHM^ npneivia, 6nTbi noATBep>KfleHHfi 
perMCTpau,MW, 6nTbi nonjBep^eHMfl 6a30BOM 
CTaHi4neM, 6iiTbi cny>Ke6Hbix coo6meHHM, 6nTbi 
noncKOBbix Bbi30BOB b MHTepBanax 
npeACTaBnaioT co6om KonnnecTBa 6mtob, 
reHepMpyeMbix Ka>KAbiM coo^meHMeM. LD4800 
(%) - Harpy3«a KaHana noncKOBoro Bbi30Ba npn 
CKopocTH nepeflaHH AaHHbix 4800 67c, 
LD9600(%) - Harpy3Ka KaHana noMCKOBoro 
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Bbi30Ba npn ckopocth nepeflann flaHHbix 9600 
6/c. 

Ha cjDnr. 2 noKasaHa Harpy3Ka KaHanoB 

nOHCKOBOTO Bbl30Ba COOTBeTCTBeHHO flaHHblM, 

npuBeAeHHbiM b TaGnni^e 1. Pe3ynbTaTbi, 
noKa3aHHbie b Ta^nni^e 1 m Ha cjonr. 2, 
ocHOBbiBaK3TC5R Ha cjoopwiaTe coo6LneHkm 
COOTBeTCTBeHHO CTaHflapTy IS-95 m ynnTbiBafOT 

nepBUHHbie nOUCKOBbie Bbl30Bbl M BTOpUHHbie 

noncKOBbie Bbi30Bbi. B o6u4eM cnynae b cucTeivie 
MflKP noncKOBbie Bbi30Bbi BbinonH^KOTca 

6nOKOM ^HeMKM. riOMCK MOOMnbHOfi CTaHL^HM, 

nono>KeHne kotopom tohho He M3BecTHO, 
ocyLuecTBn?ieT ueHTp KOMMyTaunn Moo"nnbHbix 
CTaHi^nM. Ecnn nepBMHHbiM noncK wio6nnbHOM 
CTaHi^nM OKa3anc^ 6e3ycneLUHbiM, to noncK stom 
Mo6nnbHOM CTaHi^MM ocyLnecTBnfleTCfl ctiokom 
HAeHTMcf3HKai4MH noKanbHOM oGnacTM. ripn 

OCyil^eCTBneHMH nOMCKOBblX Bbl30BOB T3KHX 

Mo6nnbHbix CTaHUMM noncK npoBOAMTca b 279 
ceKTopax c yneTOM 6a30Bbix 

npneivionepeAafOLAUx CTaHLjHM, KOTopbie 

HaXOA^TCfl B OKpeCTHOCTfIX LjeHTpa KOMMyTaUMM 
MOGnnbHblX CTaHL^MM. flnfi BTOpMHHOrO 

noncKOBoro Bbi30Ba noncK ocyLL\ecTBn5qeTCfl Ana 
10 6a30Bbix npneMonepeAaKDU^MX CTaHL^HM, T.e. 
b 30 ceKTopax, c yneTOM 6a30Bbix 
npneivionepeAafOLHnx CTaHi^nM, coeAHHeHHbix c 
oahmm KOHTponnepoM 6a30Bbix CTaHUHM. C 
yneTOM nepBMHHbix noncKOBbix Bbi30BOB m 
BTopuHHbix noMCKOBbix Bbi30BOB, ecnn flaHHbie 
KaHana noncKOBoro Bbi30Ba nepeAafOTC5i co 
CKopocTbio 4800 6/c (LD4800) n ecnn nucno N 
KaHanoB TpacjDMKa paBHO 20, Harpy3Ka 
npeBbiiuaeT 82%. Ecnn nucno N KaHanoB 
TpacjDMKa paBHO 24, to Harpy3Ka npeBbiiuaeT 
100%. l~1o3TOMy ecnM Harpy3Ka flocTuraeT 
noporoBoro 3HaneHkin (80-85% ot nonHOM 
Harpy3Kn), to npoi^eccop ynpaBneHU^ 10 
nepeAaeT coo6ii^eHne Ha3HaneHHfl KaHana 
noncKOBoro Bbi30Ba k npoueccopy 12 
MHTepcjDewca nnaTbi KaHanoB, KaK noKa3aHO 
no3HL\neCi (1). Ecnn Harpy3Ka CHM>KaeTC5i pp 
noporoBoro 3HaHeHMS nnn HM>Ke, to npou,eccop 
ynpaBneHn^i 10 nepeAaeT cooSmeHne OTMeHbi 
Ha3Ha>-ieHHfl KaHana noncKOBoro Bbi30Ba k 
npoi^eccopy 12 HHTepcjoeMca nnaTbi KaHanoB, 
KaK noKa3aHO nosni^neM (2), atis OTMeHbi 
Ha3HaneHHfl cny>Ke6Horo KaHana. TaKMM 
o6pa30M, Harpy3Ka AeL;eHTpanM3yeTCfl, n 
cucTeMa pa6oTaeT ycTOMHMBO. 

Pe3ynbTaT aHann3a TpacfiUKa b o6paTHOM 
KaHane MflKP npeACTaBneH b TaGnnue 2. 
Taonw^a 2 noKa3biBaeT Harpy3KM, 
cooTBeTCTBytou^ne ckopoctm nepeAa^n A^HHbix 
KaHana noncKOBbix Bbi30BOB, npuneivi 
npeflnonaraeTCfi, hto BbinonHfleTcs o6bNHbiPi 
Bbi3QB Ha 6a3e cpopiviaTa cooSLL^eHM^ CTaHflapTa 
IS-95. 

KaK noKa3aHO b Ta6nni4e 2, N - nucno 
KaHanoB TpacjDMKa, A - npeAOCTaBnjqeiviayi 
Harpy3Ka, M - nonHoe HMcno aooHeHTOB, CHS - 
HMcno ycTaHOBneHMM cba3m no Bbi30By 3a nac, 
Orig. - HMcno 6mtob 3 reHepMpyeMbix 
coo^meHMeM MCTOHHMKa, Page Resp. - HMcno 
6mtob, reHepMpyeMbix coo6u4eHMeM OTBeTa Ha 
noMCK, Reg. Request nucno 6mtob, 

reHepMpyeMbix cooSmeHMeM 3anpoca 
perMCTpau,MM, Total - o6u4ee HMcno 6mtob, 
KOTopoe MO>KeT reHepMpoBaTbca b o6paTHOM 
KaHane 3a nac. 

Ha cf)Mr. 3 noKa3aHa Harpy3Ka KaHana 
AOCTyna, cooTBeTCTByhOLL^aa A^UHbiM, 
npeACTaBneH HbiM b Ta6nMi4e 2. Pe3ynbTaTbi, 
noKa3aHHbie b Ta6nMU,e 2 m Ha qbi/ir. 3, 
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ocHOBbiBafOTca Ha cjDopiviaTe coo6u4eHHfl 
CTaHflapTa IS-95. B oGpamoM KaHarie MflKP, 
ecnn Harpy3Ka KaHana flociyna npwSnnxoeTCfl k 
noporoBOMy 3HaHeHwo, to npoi^eccop 
ynpaBneHUfi 10 nepeAaeT coo6u4eHne 
Ha3HaHem/m KaHana flocTyna (1) v\ coo6~meHi/ie 
OTMeHbi KaHana AOCTyna (2) k KOHTponepy 12 
MHTepcj^GMca nnaTbi KaHanoB. ripeAnoHTi/iTenbHO 
noporoBoe 3HaneHne cocTaBnaeT 80-85% 
BbiHucneHHOM Harpy3KH. 

Ha qbnr\ 4 ncmaaaHO ycTpoMCTBO ynpaBneHun 
cny>Ke6HbiM KainanoM b npoLjeccope ynpaBneHna 
10, noKa3aHHOM Ha cpur. 1. YcTpoficTBO 
ynpaBneHHfl cny>Ke6HbiM KaHanoM coflep>KMT 
npoi^eccop 20 BbHHcneHHfl Harpy3KM, otiok 
naMfiTM 30 m KOHTponnep 40 cny>Ke6Horo 
KaHana. ripoi4eccop 20 BbinncneHUfl Harpy3KH 
BbNucnfleT Harpy3Ky Ha npneMonepeflatou^yK) 
6a30Byfo CTaHi^wfo. BnoK naivifiTH 30 3anoMHHaeT 
pecypcbi, OTHOcflLunecn k Ha3HaneHHfo 
flononHHTenbHoro cny>Ke6"Horo KaHana, Ha 
ocHOBe 3HaneHM5q BbinncneHHOM Harpy3KH c 
npoueccopa 20 BbiHi/icneHkm Harpy3KW. 
KOHTponnep cnyxe6Horo KaHana 40 
ocymecTBnfleT ynpaBneHne cnyxe6HbiM 
KaHanoM. HanpuMep, KOHTponnep 40 
cny>Ke6Horo KaHana pacno3HaeT m OTMeHaeT 
flononHMTenbHO Ha3HaneHHbiPi cnyxeGHbiw 
KaHan, Kor^a Harpy3Ka coKpamaeTCfl. Bonee 
.qeTanbHO, ecnn Harpy3Ka GasoBoR 
npMeMonepeAanDLijeM CTaHi4MM 2 npid&ni/DKaeTCfl 
k noporoBOMy SHaneHwo (80-85% ot 
BbNMcneHHOM HarpysKM), to KOHTponnep 40 
cny>Ke6Horo KaHana npoi^eccopa ynpaBneHMfl 10 
nepeAaeT coo6LneHne Ha3HaneHHfl (1) 
cny>Ke6Horo KaHana (KaHana noncKOBoro Bbi30Ba 
m KaHana AOCTyna) ati^ KaHanbHbix aneivieHTOB 
14-0, 14-n nepe3 npoueccop 12 

WHTepqbewca nnaTbi KaHanoB. EcnM Harpy3Ka 
6a30B0M npneivionepeAafOLneM CTaHi^nn 2 
CHMxaeTca ao noporoBoro 3HaneHH?i nnn HM>Ke, 
to KOHTponnep 40 cny>Ke6"Horo KaHana 
npoi^eccopa ynpaBneHHfl 10 nepeAaeT 
coo6u4eHne OTMeHbi Ha3HaneHMfl (2) cny>Ke6Horo 
KaHana atia KaHanbHbix sneMeHTOB 14-0,, 14-n 
nepe3 npou,eccop 12 MHTepqbeffica nnaTbi 
KaHanoB. 

KaK yKa3aHO Bbiiue, ecnn M36biTOHHaa 
Harpy3Ka npuKnaAbiBaeTca k cucTeMe BBHAy 
B03pacTaHna TpacjDMKa, to Ha3HanaeTCfl 
cny>Ke6HbiM KaHan (KaHan noncKOBoro Bbi30Ba n 
KaHan ynpaBneHHfl). Eonw Harpy3Ka 
cooTBeTCTByeT HopiwanbHOMy ypoBHio, to 
Ha3HaneHne cnyxeo'Horo KaHana OTMeHfleTca. 
riosTOMy ocyLnecTBnsqeTCfl scjDcjDeKTHBHoe 
ynpaBneHne pecypcaMU paAnocB?i3H n 
CTa6nnbHOCTb CMCTeMbi ynyHLuaeTCfl. 

Xotji Bbiiue 6bin onucaH npeAnoHTHTenbHbiPi 
BapnaHT ocyLi^ecTBneHun H3o6peTeHMfl, OAHaKO 
cnei4nanncTaM b a^hhom oonacTH TexHMKH 
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AOn>KHO 6blTb flCHO, HTO BG3MO>KHbl pa3ni/iHHbie 
BHAOM3MeHeHMfl M MOAHCjDMKaL^H n 

Mcnonb30BaHne SKBMBaneHTOB BMecTO 
noKa3aHHbix cpeACTB 6e3 M3MeHeHM?i o6""beMa 
H3o6peTeHHfl, onpeAenaeMoro nyHKTaMU 
qbopMynbi n3o6peTeHHfi. 

(Dopiwyna M3o6peTeHi/m: 

1 . Cnocoo" ynpaBneHna cny>Ke6"HbiM KaHanoM 

6a30B0M CTaHI^MM B M06nnbHOtl CMCTeMe CBA3M, 
npM KOTOpOM BbNMCnflHDT Harpy3Ky 6a30B0M 

CTaHL4nn m cpaBHMBaioT ee c noporoBbiM 
3HaneHMeM, omHHaioLAi/MCfl TeM, hto ecnM 
BbNMcneHHafi Harpy3Ka AOCTuraeT noporoBoro 
3HaneHMfi, to nepeAafOT cooSmeHne 3anpoca 
Ha3HaneHHfl AononHHTenbHoro cny>Ke6"Horo 
KaHana npoi^eccopy HHTepcfePica nnaTbi 
KaHanoB n AononHMTenbHO Ha3HanatoT 
yKa3aHHbiM cny>Ke6Hbiw KaHan, n ecnn 
BbiHMcneHHafi Harpy3Ka CHU^aeTcn, to 
nepeAaiOT coo6LM,eHne 3anpoca OTMeHbi 
Ha3HaneHM^ cny>Ke6Horo KaHana npoi4eccopy 
MHTepcjDeMca nnaTbi KaHanoB n OTMeHflfOT 
ynoMflHyTbiw cny>Ke6HbM KaHan. 

2. Cnoco6 no n.1 ; OTnuMaHDLHHMCfl TeM, hto 
ynoMAHyToe noporoBoe 3HaneHne cocTaBn^eT 
80 - 85% ot BbNucneHHOM Harpy3KM. 

3. Cnoco6 no n. 1, OTni/NatoLUHMCfl TeM, hto 
ynoM^HyTbiti ony>Ke6HbiM KaHan npeACTaBn^eT 
co6om KaHan noncKOBoro Bbi30Ba n KaHan 
AOCTyna. 

4. YcTpoiTicTBO a^^ ynpaBneHM^ cny>Ke6HbiM 
KaHanoM 6a30BOM CTaHi^nn b MoGnnbHOM 
cucTeivie CB513M, coAepxamee npoi^eccop 
BbNMcneHMfl Harpy3KM Rnn BbNMcneHMfl 
Harpy3KH 6a30BOM CTaHL^nn n cpaBHeHU^ ee c 
noporoBbiM 3HaHeHneM, OTnuHatoLi^eecfi TeM, hto 
AononHHTenbHO coAepKUT 6noK naMATH Ana 
xpaHeHMfl pecypcoB, CB?i3aHHbix c 
AononHMTenbHbiM 3HaneHMeM cny>Ke6Horo 
KaHana Ha ocHOBe BbNMcneHHOM Harpy3KM, 
KOHTponnep cny>Ke6Horo KaHana Ana nepeAaHM, 
b cnynae, ecnn BbNucneHHaa Harpy3Ka 
AOCTuraeT noporoBoro 3HaHeHna, coo6meHMfl 
3anpoca Ha3HaHeHna AononHMTenbHoro 
cny>Ke6Horo KaHana npoi^eccopy MHTepcfeMca 
nnaTbi KaHanoB v\ Ha3HaHeHns AononHMTenbHoro 
cny>Ke6Horo KaHana, m nepeAann, ecnn 
BbiHHcneHHan Harpy3Ka CHMxaeTca, coo6u4eHMfl 
sanpoca OTMeHbi Ha3HaneHHfi cnyxe6Horo 
KaHana npoueccopy MHTepqbetica nnaTbi 
KaHanoB n OTMeHbi ynoMiRHyToro cny>Ke6Horo 
KaHana. 

5. Yctpomctbo no n.4, OTnwnaioLneecfl TeM, 
hto ynoM^HyToe noporoBoe 3HaneHMe 
cocTaBnsqeT 80 - 85% ot BbNucneHHOM Harpy3KH. 

6. Yctpomctbo no n.4, OTnwHaKOLneecfl TeM , 
hto ynoMAHyTbiM cny>Ke6HbiM KaHan 
npeACTaBnaeT co6ofi KaHan noncKOBoro Bbi30Ba 
n KaHan AOCTyna. 
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N A BHT.nOJIH. BHT.H33H. BHT.nOflTB. 

noHCK.B&n. KaHana peracTpau. 



BHT.noflTB. Bhtbi cji. Bhtbi coo6.LD4800 LD9600 
npHeMa EC coo6m. iiohck.beb. (%) (0> 

B HHTepB. 



20 13,2 27997,2 
24 16,6 35208,6 
28 20,2 42844,2 



71808 
90304 
109888 



394240 
495787 
603307 



453376 
570155 
673803 



2115000 6719328 62,7 
2115000 8450064 75,4 
2115000 10282608 88,8 



31,4 
37,7 
44,4 



32 23,7 50267,7 128928 707840 


814016 2115000 1206248 


101,8 50,9 


Ta6/iHiia 2 


NAM CHS 


Orig. 


Page 
Resp. 


Reg. 
Request 


Total 


Harpy3Ka 
ztocTyna (%) 


20 13,2 352 5282 
24 16,6 443 664 
28 20,2 539 808 
32 23,7 632 948 


434,28 
546,14 
664,58 
779,73 


277,2 
348,6 
424,2 
497,7 


4048 
5091 
6195 
7268 


4759,5 
7985,41 
7283,4 
8545,4 


29,7 
37,4 
45,5 
53,4 
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A method and apparatus for managing an overhead channel 
of a base station in a mobile communication system. The 
method begins with the step of calculating a load of the base 
station and determining a threshold value as a percentage of 
the calculated load. The system then monitors an actual load 
of the base station to determine if the load has reached the 
threshold value. If the load reaches the threshold value, an 
additional overhead channel assignment request message is 
transmitted to a channel card interface processor which 
assigns an additional overhead channel in response. If the 
load is subsequently lowered, an overhead channel assign- 
ment release request message is provided to the channel card 
interface processor which releases the additional overhead 
channel. 
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METHOD AND APPARATUS FOR 
MANAGING OVERHEAD CHANNEL IN 
MOBILE COMMUNICATION SYSTEM 

5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a mobile communication 
system, and more particularly, to a method and apparatus for 1Q 
managing an overhead channel of a base station in order to 
improve and stabilize the performance of a code division 
multiple access (CDMA) system. 

2. Description of the Related Art 

In a current CDMA mobile communication system, an 15 
overhead channel operating in a channel card of a base 
station transceiver subsystem (BTS), for example, a pilot 
channel, a synchronizing channel, a paging channel or an 
access channel, is previously assigned and thus fixedly 
operated. When paging a mobile station through a forward 20 
CDMA channel, the BTS pages a corresponding terminal 
through a previously assigned paging channel of a specific 
number (for example, 1). In a reverse CDMA channel, a 
fixedly assigned access channel of a specific number (for 
example, 1) is used for a connection between the mobile 25 
station and the BTS. 

However, such a paging method has several 
disadvantages, as described below. In the forward CDMA 
channel, even though there is no overload across the BTS 
when paging the mobile station whose current position is 30 
accurately known, the load of the BTS increases when 
paging the mobile station whose current position is not 
accurately known. The reason why problems arise when 
paging the mobile station whose current position is not 
accurately known will now be described. 35 

When paging the mobile station whose current position is 
not accurately known, a primary paging operation is con- 
ducted in a cell by the BTS and a secondary paging 
operation is conducted in a zone consisting of several BTSs 
or by the unit of LAI (Location Area Identification). If the 
position of the mobile station is not accurately known even 
by the secondary paging operation, a tertiary paging signal 
is broadcast by the unit of MSC (Mobile Switching Center). 

The overload associated with the location of a subscriber . - 

45 

results in significant overhead traffic in the BTS and, in 
extreme cases, may bring the system down. Moreover, even 
in the reverse CDMA channel, a large quantity of traffic may 
be generated due to several factors including: an increase in 
origination performed through the access channel by the 5Q 
mobile station; responses to the paging of the BTS; and an 
increase in the number of registrations. As this overload is 
applied to the limited access channel, a connection between 
the mobile terminal and the BTS may become unstable. 

SUMMARY OF THE INVENTION 55 

It is an object of the present invention to provide a method 
and apparatus for managing an overhead channel of a BTS 
so as to improve and stabilize the performance of a mobile 
communication system. 60 

It is another object of the present invention to provide a 
method and apparatus for determining the capacity of an 
overhead channel by previously predicting a load between a 
forward link and a reverse link. 

It is still another object of the present invention to provide 65 
a method and apparatus for dynamically assigning radio 
resources by previously predicting an overload of an over- 
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head channel which may be generated during an occurrence 
of urgent circumstances. 

In accordance with one aspect of the present invention, a 
method for managing an overhead channel of a base station 
in a mobile communication system includes the steps of: 
calculating a load of the base station and assigning a 
threshold value based on said calculated load; monitoring 
the actual load of the base station; if the actual load reaches 
the threshold value, transmitting an additional overhead 
channel assignment request message to a channel card 
interface processor and additionally assigning the overhead 
channel; and if the actual load is lowered, transmitting an 
overhead channel assignment release request message to the 
channel card interface processor and releasing the overhead 
channel. 

In accordance with another aspect of the present 
invention, an apparatus for managing an overhead channel 
of a base station in a mobile communication system 
includes: a load calculation processor for calculating a load 
of the base station; a storage unit for storing resources 
related to the additional assignment of the overhead channel 
on the basis of the calculated load; an overhead channel 
controller for transmitting, if the actual load reaches a 
threshold value, an additional overhead channel assignment 
request message to a channel card interface processor and 
assigning an additional overhead channel, and transmitting, 
if the actual load is lowered, an overhead channel assign- 
ment release request message to the channel card interface 
processor and releasing the overhead channel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above objects and other advantages of the present 
invention will become more apparent by describing the 
preferred embodiment of the present invention with refer- 
ence to the attached drawings, in which: 

FIG. 1 is a block diagram of a base station transceiver 
subsystem (BTS); 

FIG. 2 is a diagram showing loads of a paging channel of 
a forward traffic according to a preferred embodiment of the 
present invention; 

FIG. 3 is a diagram showing loads of an access channel 
of a reverse traffic according to a preferred embodiment of 
the present invention; and 

FIG. 4 is a functional block diagram of an overhead 
channel managing apparatus according to a preferred 
embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 

In the following description, well-known functions or 
constructions which may obscure the invention are not 
described in detail. 

The present invention calculates a maximum traffic which 
may be generated in the worst case in a forward channel in 
consideration of the probability of generating a mobile-to- 
mobile call, a mobile-to-land call, a land-to-mobile call and 
the number of bits of a message generated when a normal 
call is set up. If a load of a system approximates to a 
predetermined threshold value, paging channels are addi- 
tionally assigned to process the load of the system. Further, 
in a reverse channel, access channels are added in consid- 
eration of the probability of generating a call and the volume 
of traffic generated when a normal call is set up. Therefore, 
the system anticipates an incipient overload condition which 
may be abruptly generated and dynamically allocates addi- 
tional channel resources to prevent the overload. 
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Referring to FIG. 1, a base station transceiver subsystem 
(BTS) 2 connected to a base station controller (BSC) 
includes a BTS control processor (BCP) 10, a channel card 
interface processor (CIP) 12, and a plurality of channel 
elements (CEO, . . . CEn) 14-0, . . . 14-n. Within the BTS 2, 5 
assignment request messages and assignment release mes- 
sages are processed. A signal flow indicated (T) shows a 
transmission path for an additional assignment request mes- 
sage of an overhead channel, and (2) shows a transmission 
path of an assignment release message of the overhead 10 
channel. 

In mobile communication systems, which are subject to a 
fading phenomenon due to an abrupt variation of received 
signal strength, it is very important to consider a load 15 
between a forward link and a reverse link in order to 
effectively operate the system. In a preferred embodiment of 
the present invention, the capacity of the overhead channel 
which can maintain a balance between the load of the 
forward link and the load of the reverse link is derived as 
described below on the basis of IS-95, IS-95A, J-STD-008 
and CAI specifications, which are air interface specifica- 
tions. 



10. Total Subscribers, M, given by: 



20 



(1) Forward CDMA Channel 2 5 

Under the assumption that a normal call is set up, a load 
of total traffic is calculated by the BCP 10 on the basis of a 
message format of the air interface specifications IS-95, 
IS-95A and J-STD-008. If this load approximates to a 
threshold value, the BCP 10 transmits an additional over- 
head channel assignment request message of the CIP 12. In 
response to the assignment request message, the CIP 12 
assigns one of the channel elements 14-0, . . . , 14-n as an 
additional paging channel. 35 

The load in the forward channel is calculated by consid- 
ering several factors. These factors will be illustrated in the 
following example, in the context of a message based on the 
specification IS-95. It is assumed that a message used in the 
forward CDMA channel is characterized as follows: 

1. Overhead message: 752 bits 

It is assumed that a mobile station does not include 
authentication data in an access channel message. 

Number of neighbor lists is 16. 45 

System parameter message: 264 bits 

Access parameter message: 152 bits 

Neighbor list message: 264 bits 

CDMA channel list message: 72 bits 

2. Channel assignment message: 136 bits 

3. BS (Base Station) acknowledge order (BS_ACK 
ORDER) message: 112 bits 

4. Registration acknowledge order (REG_ACK_ORDER) 
message: 112 bits 

5. Slotted page message: 240 bits 

It is assumed that 5 mobile stations are paged at 4800 bps 
at a time. 

6. Number of channels per sector: N=20, 24, 28, 32 

7. Average calling time: T=90 (sec) 60 

8. Blocking probability B: B=2% 

9. Offered load A represented by: 



M = 



A x Hour 



(2) 



Average Calling Time X (BHCA/ Subscriber) 



11. Busy hour call attempts (BHCA) per subscriber: S=1.50 

12. Number of calls setup per hour: CSH=MxS 

13. General call occurrence form (and completion rate) 

Mobile-to-mobile: 5% (50%) 
Mobile-to-land: 65% (85%) 

Land-to-mobile: 30% (50%) 

14. Paging channel data rate: 9600 bps, 4800 bps 

15. Paging channel processing performance: 90% 

16. It is assumed that the number of registrations is 10. 
Where registration refers to a processing procedure per- 
formed by the mobile station to inform the BTS 2 of its 
position, a status, a slot cycle and other features. 

On the basis of the above-described assumption, a total 
overhead message bit count, TOHMB, which can be gen- 
erated in the forward CDMA channel by the overhead 
channel message per hour is represented by: 



TOHMB = 



Hour 



Overhead. Msg. Period 



X Overhead. Msg Bit 



(3) 



where "Overhead.Msg.Period" is a transmission period of 
the overhead channel message, and "Overhead. Msg" is the 
number of bits in the overhead channel message. 

A total channel assignment message bit count, TCAMB, 
30 which can be generated in the forward CDMA channel by a 
channel assignment message per hour is given by: 



Number of Call Setup 

TCAMB = X Ch.Assign.Msg Bit 

Hour 



(4) 



where "Ch.Assign.Msg" is the number of bits in the channel 



assignment message. 



A total registration acknowledge order message bit total, 
TRAOMB, which can be generated in the forward CDMA 
40 channel by a registration acknowledge order message per 
hour is expressed as: 



TRAOMB = Total Subscribers X 



( Number of Registrations^ 



Subscriber 



xRegistration Ack Order Msg Bit 



(5) 



where "Registration_Ack_Order Msg" is the number of 
50 registration acknowledge order messages per hour. 

A total base station (BS) acknowledge order message bit 
count, TBAOMB, which can be generated in the forward 
CDMA channel by a BS acknowledge order message per 
hour is given by: 

55 

( Number of Regisrtation (6) 

TBAOMB = {Total Subscribers x — A + 

I. Subscriber 

Number of Call Setups 

- j x BS_Ack_Order_Msg Bit 



Hour 



where "BS Ack Order Msg" is the number of BS 

acknowledge order messages per hour. 



Average Calling Time X Total Subscribers X {BHCA j Subscriber) (1) 

A = rErlangl 

Hour L a 
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A total page message bit TPMB which can be generated 
in the forward CDMA channel by a slotted page message per 
hour is represented by: 

Number of Call Setup 5 

TPMB = x (P MM x F MM +■ Plm x F LM ) 

Hour 



xNumber of Sectors per Hour+Number of Call Setup/Hour 

X 0?MM X ^ MME + Pi V/ X Pi Me) 

xTotal Number of Sectors-i- Number of Call Setup/Hour 

X (V X P WW£+ P LM xP LMf) xFGPExSGP 

xSlotted_Page_Msg Bit 



(7) 



where V MM 
probability, P 



is a mobile-to-mobile call occurrence 
is a mobile-to-land call occurrence 



ML 



probability, P LAf is a land-to mobile call occurrence 
probability, P MME is a mobile-to-mobile call error 
probability, V LMJE is a land-to mobile call error probability, 
^mm 1S a factor required for the setup of 100% of a 
mobile -to -mobile call, F LAf is a factor required for the setup 
of 100% of a land-to -mobile call, FGPE is a first group 
paging error, SGP is the number of sectors when a second 

group is paged, and Slotted Page_Msg is the number of 

slotted page messages per hour. 

The total bits per hour, TBPH, which can be generated in 
the forward CDMA channel per hour in consideration of the 
above equations (3), (4), (5), (6) and (7) is as follows: 

TBPH=Overhead_Msg Bit+Ch_Assign_Msg Bit 

+Reg_Ack_Order Msg Bit 

+BS_Ack_Order_Msg Bit 
+Slotted Page Msg Bit; or 



TBPH=TOHMB+TCAMB+TRAOMB+TBAOMB+TPMB 



(8) 



A paging channel load PCH LOAD according to a 

paging channel data rate PCH_Data_Rate (9600 bps, 4800 
bps) in the forward CDMA channel is given by: 



pchload (%) = 



(9) 



[ 



TBPH 



PCH. Data. Rate xHourx PCH.pro.proformance 



100 



where "PCH .pro .performance" is a paging channel process- 
ing performance. 

(2) Reverse CDMA Channel 



10 



15 



25 



30 



35 



40 



45 



50 



When a normal call is set up, a message is generated in the 
reverse CDMA channel which includes an origination mes- 
sage used for origination, a page response message used to 
respond to paging from the BTS, and a registration message 
used for registration. An access channel data rate is generally 55 
4800 bps. For the following example, it is assumed that the 
average calling time is 90 seconds, an access channel 



processing performance is 80%, and the number of regis- 
tration requests per subscriber is 10. All the access channels 
relate to a specific paging channel that has the same slot size. 

Before a terminal transmits the message to the BTS, the 
start and length of the access channel are determined. An 
access channel slot consists of an access channel preamble 
and an access channel message capsule. That is, the access 
channel slot is (3+MAX_CAP_SZ)+(l+PAM_SZ), where 

MAX_CAP SZ is a maximum access channel capsule size 

and PAM SZ is an access channel preamble size. It is 

assumed that the access channel preamble size is 4 and the 
capsule size is 1, resulting in an access channel slot having 
9 frames. For a standard frame period of 20 ms, the access 
channel slot size is 180 ms. 

On the basis of the above assumption, a load ORLD 
which can be generated in the reverse CDMA channel by the 
origination message per hour is given by: 



20 orld = 



Number of Call Setup 



Hour 



x P M l x 



(10) 



Number of Call Setup 
Hour 



MM 



A load PRLD which can be generated in the reverse 
CDMA channel by the page response message per hour is 
calculated by: 



PRLD = 



Number of Call Setup 



Hour 
Fmm 



x Pmm x 



(11) 



w 



Number of Call Setup 
Hour 



x Plm x Fim 



A load RQLD which can be generated in the reverse 
channel by the registration request message per hour is 
expressed as: 

RQLD=Number of Subscribers xNumber of RegistrationxF ML (12) 

In consideration of the above equations (10), (11) and 
(12), a total load TLOAD which can be generated in the 
reverse CDMA channel per hour is as follows: 



TLOAD=ORLD+P RLD+RQLD 



(13) 



An access channel load ACH LOAD(%) in the reverse 

CDMA channel is then obtained by: 



ACH_LOAD (%) = 



(14) 



TLOAD 



(Hour / S\ot_Size) x ACH_pro_performance. 



xlOO 



The results from analyzing the traffic of an exemplary 
forward CDMA channel are listed below in Table 1, which 
shows loads according to the paging channel data rate when 
it is assumed that a normal call is performed on the basis of 
the IS-95 message format. 



TABLE 1 



CH. Reg. 

Total Assign Ack. BS Ack. Over- Slotted LD4800 LD9600 
N A Page Bits Bits Bits Bits head Bits Page Bits (%) (%) 



20 13.2 27997.2 71808 394240 453376 2115000 6719328 62.7 31.4 
24 16.6 35208.6 90304 495787 570155 2115000 8450064 75.4 37.7 
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TABLE 1 -continued 







CH. 


Reg. 














Total 


Assign 


Ack. 


BS Ack. 


Over- 


Slotted 


LD4800 


LD9600 


N 


A Page Bits 


Bits 


Bits 


Bits 


head Bits 


Page Bits 


(%) 


(%) 


28 


20.2 42844.2 


109888 


603307 


693803 


2115000 


10282608 


88.8 


44.4 


32 


23.7 50267.7 


128928 


707840 


814016 


2115000 


12064248 


101.8 


50.9 



In Table 1, N is the number of traffic channels and A is the 
offered load. The total page bits, channel assignment bits, 
registration acknowledge bits, BS Acknowledge bits, over- 
head bits and slotted page bits are bits which are generated 
with each message. LD4800(%) is the load of the paging 15 
channel data rate of 4800 bps and LD9600(%) is the load of 
the paging channel data rate of 9600 bps. 

FIG. 2 illustrates the loads of the paging channel accord- 
ing to data shown in Table 1. The results shown in Table 1 
and FIG. 2 are based on the IS-95 message format and 
consider both the primary paging and secondary paging 
operations. 

In a general CDMA system, the primary paging is per- 
formed in a cell by the BTS 2. An unreasonable mobile 
subscriber, i.e., one whose position is not accurately known, 
requires additional paging operations. A mobile which fails 25 
in the primary paging is paged by the unit of LAI. When 
paging the unreasonable mobile subscriber, 279 sectors are 
paged in consideration of the BTS which is in the boundary 
of one MSC. For the secondary paging, 10 BTSs, that is, 30 
sectors are paged in consideration of the BTSs connected to 30 
one BSC. When considering the primary paging and the 
secondary paging, if the paging channel data rate is 4800 bps 
(LD4800) and if the number N of the traffic channels is 28, 
the load exceeds 88.8%. If the number N of the traffic 
channels is 32, the load exceeds 100%. 35 

If the BTS 2 detects that an actual operating load reaches 
a threshold value (80-85% of the calculated load), the BCP 
10 transmits a paging channel assignment message to the 
CIP 12 as indicated by (T). If the total actual load is lowered 
to the threshold value or less, the BCP 10 transmits a paging 
channel assignment release message to the CIP 12 as indi- 40 
cated by (2) to release the assigned overhead channel. Thus 
the load is decentralized and the system is stably operated. 

The results from analyzing the traffic of an exemplary 
reverse CDMA channel is listed in Table 2, which shows 
loads according to the access channel data rate when it is 45 
assumed that a normal call is performed on the basis of the 
IS-95 message format. 

TABLE 2 



















Access 












Page 


Reg. 




Load 


N 


A 


M 


CHS 


Orig. 


Resp. 


Request 


Total 


(%) 


20 


13.2 


352 


528 


434.28 


277.2 


4048 


4759.5 


29.7 


24 


16.6 


443 


664 


546.14 


348.6 


5091 


5985.4 


37.4 


28 


20.2 


539 


808 


664.58 


424.2 


6195 


7283.4 


45.5 


32 


23.7 


632 


948 


779.73 


497.7 


7268 


8545.4 


53.4 



In the above Table 2, N is the number of traffic channels, 
A is the offered load, M is the total number of subscribers, 60 
CHS is the number of calls setup per hour, Orig. is the 
number of bits generated by the origination message, Page 
Resp. is the number of bits generated by the page response 
message, Reg. Request is the number of bits generated by 
the registration request message, and Total is the total 65 
number of bits which can be generated in the reverse channel 
per hour. 



FIG. 3 illustrates the loads of the access channel accord- 
ing to data shown in Table 2. The results indicated in Table 
2 and FIG. 3 are based on the IS-95 message format. In the 
reverse CDMA channel, if the access channel load approxi- 
mates to the threshold value, the BCP 10 transmits an access 
channel assignment message ((T)) and an access channel 
release message ((2)) to the CIP 12. Preferably, the threshold 
value is 80-85% of the calculated load. 

FIG. 4 illustrates an overhead channel managing appara- 
tus in the BCP 10 shown in FIG. 1. The overhead channel 
managing apparatus includes a load calculation processor 
20, a storage unit 30 and an overhead channel controller 40. 
The load calculation processor 20 calculates the load across 
the BTS. The storage unit 30 stores resources related to the 
additional overhead channel assignment on the basis of the 
load calculated from the load calculation processor 20. The 
overhead channel controller 40 controls the overhead chan- 
nel. For example, the overhead channel controller 40 rec- 
ognizes and releases the additionally assigned overhead 
channel when the load is reduced. 

In more detail, if the actual load of the BTS 2 approxi- 
mates to the threshold value (80—85% of the calculated 
load), the overhead channel controller 40 of the BCP 10 
transmits an assignment message ((!)) of the overhead 
channel (paging channel and access channel) to the channel 
elements 14-0, . . . , 14-n through the CIP 12. If the load of 
the BTS 2 is lowered to the threshold value or less, the 
overhead channel controller 40 of the BCP 10 transmits an 
assignment release message (©) of the overhead channel to 
the channel elements 14-0, . . . , 14-n through the CIP 12. 

As noted previously, if the overload is applied to the 
system due to an increase in the traffic, the overhead channel 
(a paging channel, an access channel and the like) is 
assigned. If the load is normal, the assignment of the 
overhead channel is released. Therefore, the radio resources 
are effectively managed and the stability of the system is 
improved. 

While there has been illustrated and described what is 
considered to be a preferred embodiment of the present 
invention, it will be understood by those skilled in the art 
that various changes and modifications may be made and 
equivalents may be substituted for elements thereof without 
departing from the scope of the invention as defined by the 
appended claims. 

What is claimed is: 

1. A method for managing an overhead channel of a base 
station in a mobile communication system, comprising the 
steps of: 

calculating a load of said base station based upon a 

number of bits generated with each message and a 

channel data rate; 
assigning a threshold value based on said calculated load; 
monitoring an actual load of said base station; 
if said actual load reaches said threshold value, assigning 

an additional overhead channel; and 
if said actual load is lowered below said threshold value, 

releasing said overhead channel. 
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2. The method as claimed in claim 1 wherein: 

said assigning step further includes the step of transmit- 
ting an additional overhead channel assignment request 
message to a channel card interface processor; and 

said releasing step further includes the step of transmitting 5 
an overhead channel assignment release request mes- 
sage to said channel card interface processor. 

3. The method as claimed in claim 1, wherein said 
threshold value is about 80—85% of the calculated load. 

1 n 

4. The method as claimed in claim 1, wherein said 
overhead channel is at least one of a paging channel and an 
access channel. 

5. The method as claimed in claim 1, wherein the mobile 
communication system is a CDMA system having a forward 
CDMA channel and a reverse CDMA channel, said over- 15 
head channel being a paging channel in the forward CDMA 
channel and said overhead channel being an access channel 

in the reverse CDMA channel. 

6. A system for managing an overhead channel of a base 
station in a mobile communication system, comprising: 

means for calculating a load of said base station based 
upon a number of bits generated in each message and 
a channel data rate, and a threshold value based on said 
calculated load; 25 

means for monitoring an actual load of said base station; 

means for comparing said actual load to said threshold 
value; 

means for assigning an additional overhead channel when 
said actual load is at least equal to said threshold value; 30 
and 

means for releasing said additional overhead channel 
when said actual load is less than said threshold value. 

7. The system as claimed in claim 6, wherein said 
calculating means assigns said threshold value in a range of 35 
about 80—85% of a said calculated load. 

8. The system as claimed in claim 6, wherein said 
overhead channel is at least one of a paging channel and an 
access channel. 

9. The system as claimed in claim 6, wherein the mobile 40 
communication system is a CDMA system having a forward 
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CDMA channel and a reverse CDMA channel, said over- 
head channel being a paging channel in the forward CDMA 
channel and said overhead channel being an access channel 
in the reverse CDMA channel. 

10. An apparatus for managing an overhead channel of a 
base station in a mobile communication system, comprising: 

a calculation processor for calculating a load of said base 
station based upon a number of bits generated in each 
message and a channel data rate, and assigning a 
threshold value based on said calculated load; 

a storage unit for storing resources related to the addi- 
tional assignment of said overhead channel on the basis 
of the calculated load; 

a channel card interface processor, said channel card 
interface processor assigning an additional overhead 
channel in response to a received overhead channel 
assignment request message and releasing said over- 
head channel in response to a received overhead chan- 
nel assignment release request message; and 

an overhead channel controller operatively coupled to 
said channel card interface processor, said overhead 
channel controller transmitting said additional over- 
head channel assignment request message if an actual 
load reaches said threshold value and transmitting said 
overhead channel assignment release request message 
if the actual load is lowered below said threshold value. 

11. The apparatus as claimed in claim 10, wherein said 
threshold value is about 80—85% of said calculated load. 

12. The apparatus as claimed in claim 10, wherein said 
overhead channel is at least one of a paging channel and an 
access channel. 

13. The apparatus as claimed in claim 10, wherein the 
mobile communication system is a CDMA system having a 
forward CDMA channel and a reverse CDMA channel, said 
overhead channel being a paging channel in the forward 
CDMA channel and said overhead channel being an access 
channel in the reverse CDMA channel. 
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M3o6peTeHne othochtca k cnocooy 
nepeflaMM AQHHbix no paflno b cootbgtctbhm co 
CTaHflapTOM DECT, ncnanb3yK3U4i/iM ujupoKyto 
nonocy nacTOT, pa3AGJ~iGHHyn3 Ha mhoxgctbo 
KaHanoB h Ha 3aAaHHoe Hwcno BpeivieHHbix 
cenvieHTOB. Tgxhmhgckhm pe3yribTaTOM 
ABrmeTCfl pa3pa6cn~Ka cnoco6a, no3Bon^fou4ero 
ycoBepujeHCTBOBaTb pa6oTy M3BecTHbix 
6ecKa6enbHbix cerew. TexHunecKUM pe3ynbTaT 
AocTuraeTCfl TeM, hto H3 LieHTpanbHow cTaHi^MM 
nepnoAn^ecKH TpaHcnupyHDT curHanbi Arm 
Ka>KAoro KaHana, a a6oHGHTCKHG CTaHi^nn 
nepwoflUMecKH CKaHnpyioT 3tm curHanbi n 
onpeflermraT ypoBHH cHmanoB Ka>KAoro M3 

MHOKGCTB3 KaHailOB BblflBneHMfl 3aHflTblX 

MJ1H HG3aHf1TblX BpGMGHHblX CGTMGHTOB. flaflGG C 

noMOLAbto Ka>KAoi?i M3 a6oHeHTCKMX CTaHUMW 

cjoopMnpyfOT M nepMOAMHGCKM KOppGKTMpyfOT 



cnncoK 3HaneHHM ypoBHePi curHanoB h 
He3aH5iTbix BpeivieHHbix cerMeHTOB, nocrie nero 

yCTaHaBJ1MBaK)T paAHOCB?13b MG>KAy BblGpaHHOM 
aSOHGHTCKOM CTaHL^MGM M L^GHTpaflbHOM 

ynpaBJiflHDUJ,Gi?i CTaHU^Gfi n npM Hannnnn 
MHcjDopMai^MM, noAnG>KaLL;GM nGpeAaHG, 

npOH3BOAflT 06MGH HHCjDOpMaLJUGfi MG>KAy 

ynoMfmyTbiMM CTaHi4MqMM. 3 3.n. cfc-nbi, 4 nn. 
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(57) Abstract: 

FIELD: data transmission over radio link. 
SUBSTANCE: method is used for data 
transmission according to DECT standard 
using broad frequency band divided into 
plurality of channels and desired number of 
time segments. Signals are periodically sent 
from central station to each channel and 
subscriber substations periodically scan 
these signals and determine signal levels in 
each of plurality of channels to detect busy 
or vacant time segments. Then list of signal 
levels and vacant time segments is compiled 
and periodically corrected by means of each 
subscriber station whereupon radio 
communication is established between chosen 



subscriber station and central control 
station; if data to be transmitted is 
present, data exchange between mentioned 
stations takes place. EFFECT: enhanced 
operating reliability of modified wireless 
networks. 4 cl, 4 dwg 
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|/l306peTeHI/ie OTHOCHTCfl K JIOKaJlbHOM ceTH 

(LAN), a 6onee KOHKpeTHO k cnocoSy o6MeHa 

flaHHbIMM Me>Kfly MHOKBCTBOM a60HeHTCKMX 

CTaHi^MM no 6ecKa6enbHoCi ceTM nocpeACTBOM 
HenoABUXHoro u,eHTpanbHoro ynpaBnflramero 

yCTpOMCTBa, npMMGM Ka>KAafl M3 a60HeHTCKHX 
CTaHU,l/IM COflGp>KHT TepMl/IHaJl BBOfla 
flaHHblX. 

JloKanbHbie ce™ nonyHnnn LunpoKoe 
pacnpocTpaHeHne b ca>epe HHC^opMaTMKM w 
BMfleorpacjDHHecKoti cba3h npn ycTaHOBJisHnn 
cb9]3\a Ha He6onbLunx paccTO^HH^x c u,enbio 
oeecneneHUfl nepeAann n pacnpefleneHMfi 
flaHHbix m ycnyr Me>KAy MHO>KecTBOM 
nonb30BaTeneCi, HaxoflflLquxca Ha oahom m tom 
>Ke ynacTKe, HanpuMep, b oahom 3A3hmh. 
JloKanbHasq ceTb AaeT B03MO>KHOCTb 
Mcnonb30BaTb MHO>KecTBO pa3Horo poAa 
TepMMHanoB BBOAa flaHHbix, TaKi/ix, KaK 
nepcoHanbHbie KOMnbioTepbi (PC), 

MMHMKOMnbK)Tepbi, npHHTepbi m TaK nanee, 
KOTopbie MoryT npucoeAMH^TbcsR Hpe3BbNawHO 
™6"khm o6pa30M, oo"ecneHHBafl noBbiLueHHyfo 
CKopocTb nepeAaMU nop?iAKa coTeH Tbican 
khjio6mt b ceKyHAy. 

flo HacTo^mero BpeivieHM b ochobhom 
ncnonb30Banncb noKanbHbie ceTH 

SecnpoBOAHoro Tuna, to ecTb ceTH, b KOTopbix 
coeAHHeHMfl Me>KAy CTaHi^MfiMM norib30BaTereM 
n L4eHTparibHbiiviM ynpaBnjRfoinnMH ycTpowcTBaMU 
i4enMKOM peann3yhOTCJR c noMombfo npoBOAOB. 

noflBneHne Ha pbiHKe nopTaTMBHbix 
KOMnbioTepoB, TaKi/ix, KaK nopTaTMBHbie 
nepcoHanbHbie KOMnbioTepbi, onpeAennno 
noTpe6HOCTb b 6ecKa6enbHbix noKaribHbix 
ceTHX. 

5ecKa6enbHa?i noKaribHafl ceTb yMeHbiuaeT 
3aTpaTbi Ha yciaHOBKy, nocKoribKy HCKnioHaeT 
HeoGxoAHMOCTb b ycTaHOBKe coeAMHMTeribHbix 
Ka6eneM. CeTb noAoSHoro Tuna mo>kbt TaioKe 
cjoopMi/ipoBaTbCH b cnyna^x, KorAa TpyAHO hjih 
HeB03M0>KH0 ycTaHOBMTb coeAMH UTeribHbie 
npoBOAa, HanpuMep, b ycnoBMflx otcvtctbuia 
po3eTOK a^^ noKaribHbix ceTefi, nn6o npn 
Hann^MM apxnTeicrypHbix orpaHM^eHMM. 

BecKaGeribHafl noKanbHafl ceTb MO>KeT 
npeACTaBJiflTb i/iAeanbHoe peweHMe b 
opraHM3ai4HM, b KOTopow pacnonoweHna 
CTaHi^MM norib30BaTeneM mjim hmcjio CTaHi^nPi, 
CBfl3aHHbix b ceTb, noABeprafOTCfl nacTbiM 

H3MeHeHMflM MflM MOAHCjDMKaU.MflM. 

BecKa6eribHa^ noKanbHaa ceTb 
npeACTaBnyieT TaioKe WAeanbHoe peiueHMe atia 
opraHM3ai4HM, KOTopbie nacTO mq\-\9\\ct CBoe 
MecTonono>KeHne. B gtom cnynae 6bino 6bi 

Cf)aKTHHeCKM HenpaKTMHHO V\ He3KOHOMHHHO 

nepeHOCMTb npoBOAHyra noKanbHyfo ceTb. 

HaKOHeu,, KaK roBopunocb Bbiwe, noKajibHaa 
ceTb o6ecneMHBaeT B03M0>KH0CTb o6MeHa 
AaHHbiMM Aa>Ke nopTaTMBHbix nepcoHaribHbix 
KOMnbioTepoB, 6e3 orpaHMHeHU^ noABM>KHOCTH 

3TMX HOBblX yCTpOMCTB. 

COOTBeTCTByHDLHafl M306peTeHMK3 ceTb 

pacoTaeT, b nacTHOCTM, cornacHO CTaHAapTy 
DECT (Digital European Cordless 
Telecommunications - l^noppoBbie eBponeficKne 
6ecKa6enbHbie TeneKOMMyHMKai4nn) , 
pa3pa6oTaHHOMy ETSI, EBponeMCKMM 

MHCTMTyTOM TeneKOMMyHMKaU,MOHHblX 

CTaHAapTOB, KOTopbiM onpeAerifleT 
cneu.ncjDMKau.nn Anfl paAMOCBa3M Me>KAy 
nonb30BaTenfiivin m ceTbHD b ycnoBH?ix nacTHoro 
OKpyxeHna. 

CucTeMa DECT paocrraeT b nonoce HacTOT 
1880-1900 MTu, n o6ecneMMBaeT 
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paAHonepeAany nocpeACTBOM tm6pmahom 

CUCTeMbl C BpeMeHHbIM M HaCTOTHbIM 

ynnoTHeHneM KaHanoB. 

XapaKTepucTHKM CTaHAapTa DECT 
onucbiBatoTC?!, HanpuMep, b Digital European 
Cordless Telecommunications Services and 
Facilties (l_4ncf)poBbie eBponeficKne 

TeneKOMMyHUKau.noHHbie ycnyrn v\ cpeACTBa), 
ETSI DR/RES 3003, 3a nfOHb 1991 roAa n b 
"Data Services in DECT", A. Bud 
(06cny>KMBaHMe A^HHbix b DECT, 3. EaA), 
rifiTa^ Me>KAyHapoAHafl KOHctDepeHU,nyi 
HHCTMTyTa HH>KeHepoB no aneKTpoHUKe no 
Ha3eMHoPi nepeABM>KHOM paAnocBfi3n, YopnK, 
AeKa6pb 1989 roAa. 

EecnpoBOAHaa noKanbHaa ceTb, 
ncnojib3yK)Lu 1 afl paAno Ana ycTaHOBneHna cb33m 
Me>KAy MHOKecTBOM CTaHi^nPi nonb30BaTenePi , 
rAe Ka>KAan coAep>KHT cooTBeTCTByfou^HM 
TepMUHan BBOAa AaHHbix, nocpeACTBOM 
HenoABH>KHoro L4eHTparibHoro ynpaBJiaioLAero 
ycTpowcTBa, KOTopoe ynpaBnfieT cBA3bK> Me>KAy 

TepMMHaiiaMU BBOASl ASlHHblX B COOTBeTCTBMH c 

npeABapnTeribHO onpeAerieHHbiM CTaHAapTOM 
CBfl3M, pacKpbiBaeTCfl b EP-A-0257947. B 3io\A 
M3BecTHOM 6ecKa6eribHOM noKaribHOM ceTM 
Ka>KAbiPi TepMUHan BBOAa A^HHbix CBfl3biBaeTC?i 

C OTAeJIbHblM HenOABM>KHblM 

paAno-npneivionepeAaTHMKOivi, a ueHTparibHoe 
ynpaBfiflfOLAee ycTpowcTBO coeAMH^eTCfl c 
HenoABM>KHbiMH paAMo6a3aMM. 

CeTeBbie CMCTeMbi atia nepeAann A^HHbix 
paAnocurHanaivin Me>KAy ocHOBHbiM npneiviHbiM 

yCTpOPlCTBOM M MHO>KeCTBOM pa60HHX CTaHL^MM 

pacKpbiBaK)TC?i B PATENT ABSTRACTS OF 
JAPAN (i^lnoHCKne naTeHTHbie aHHOTau.nn), tom 
14, HOMep 229 (E-928), 4172, 15 wiafl 1990 r. 
m JP-A-0260252. 

B ocHOBy H3o6peTeHMfl nocTaBneHa 3aAana 
pa3pa6oTaTb cnoco6, no3BoriflfOLHMtf 
ycoBepiueHCTBOBaTb paSoTy M3BecTHbix 
6ecKa6eribHbix noKaribHbix ceTeti. 

nocTaBneHHa^ 3aAana peujaeTcs TeM, hto b 
cnocoGe o6MeHa AaHHbiMM Me>KAy MHOKecTBOM 
aSoHeHTCKkix CTaHi^MM no 6ecKa6eribHoPi 
noKaribHOM ceTM nepe3 u,eHTpanbHyK) 
ynpaBnflfOLU.yio CTaHU,nfo, b cooTBeTCTBMH c 
KOTopbiM LunpoKyKD nojiocy HaCTOT ASJIflT Ha 
MHO>KecTBO (n) KaHanoB (fi -f 1 0) M Ha 3aAaHHoe 
Hucrio BpeMeHHbix cerMeHTOB (2m), cornacHO 
n3o6peTeHnra nepnoAnnecKH TpaHcnupyhOT c 
u,eHTpajibHOM ynpaBJifltoLAeM CTaHU.nn (C) 
CHrHanbi ati^ Ka>KAoro M3 MHO>KecTBa (n) 
KaHanoB (f 1 -f 1 0) w Ana Ka>KAoro H3 BpeMeHHbix 
cerMeHTOB (2m), nepwoAMHecKM CKaHHpyfOT 

MHO>KeCTBOM a^OHeHTCKHX CTaHU,MH (T) 

yKa3aHHbie cnrHaribi c u,enbkD onpeAeneHH^ 
ypoBHfi cnrHanoB Ka>KAoro H3 MHO>KecTBa (n) 
KaHanoB (fi-fi 0) M c^aKTa 3aH5qTOCTH, nn6o 
He3aHflTOCTH BpeMeHHbix cerMeHTOB (2m), 
CjDOpMHpyiOT m nepHOAnnecKH KoppeKTMpyhDT c 

nOMOLUbfO K3>KAOM H3 a^OHeHTCKHX CTaHL^MM (T) 

cnncoK 3HaneHMM ypoBHePi CMrHanoB m 
He33HflTblX BpeMeHHbix cerMeHTOB, 
ycTaHaBJiMBafOT paAHOCB^sb Me>KAy oahom M3 

BblSpaHHblX a60HeHTCKHX CTaHLlMM (T) M 

i^eHTpajibHOM ynpaBJiaioLAeM CTaHU,neti (C) b 
cnynae, KorAa Bbi6paHHa5q a6oHeHTCKa^ CTaHU,njq 
(T) coAep>KMT MHcjDopMai4wo, noAne>KaLAyfo 
nepeAane, npon3BOA^T oSMeH MHcjDopMai4neM 

Me>KAy yKa3aHHOM Bbl6paHHOM a^OHeHTCKOM 

CTaHuwePi (T) h L^eHTparibHOM ynpaBn?iioLLJ 1 eM 
CTaHU,nefi (C) nyTeM BbiGopa H3 HHcna 
He3aHflTbix BpeMeHHbix cerMeHTOB c ypoBHeM 
ckirHana, o6ecneHMBafou4HM onTMMaribHoe 
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OTHOLueHne cm man/ my m. 

L4enecoo6pa3HO noAA©P>KHBaTb paflnocB5R3b 
b TeneHne 3aAaHHoro nepno,qa BpeMeHH ao 
3aBepujeHMFi o6ivieHa HHcjDopMai^iieii. 

L4enecoo6pa3HO TaiOKe noAAepxuBaTb 
paAMOCB^3b b TGMeHMG aflanTMBHO 3aAaHHoro 
nep^iofla bpgmshu Ha ocHOBe CTaTMCTunecKnx 
AaHHbix CBn3HoCi Harpy3KM OTHOCMTenbHO 

BblSpaHHOM a60HeHTCKOM CTaHI^HM (T), 

nonyHeHHbix b 3apaHee onpefleneHHbiw nepnofl 
BpeMeHH. 

ripeflnoHTMTeribHO o6ecneHHBaTb 
acMMMeTpMHHyFO MHoroKaHanbHyfo 
ujupoKononocHyfo CB*3b c Mcnorib30BaHneM 
MHOKecTBa cerMeHTOB M3 3aflaHHoro Mucna 
BpeiwieHHbix cerMeHTOB (2m), ncnorib3yeMbix 
oflHOBpeMeHHO npn ycTaHOBJieHnn yKa3aHHofi 

paAMOCB33M. 

06bNHO TepMMHanaMU BBOfla AaHHbix y 
CTaHUMM nonb30BaTeneM MoryT 6biTb, Hanpniviep, 
nepcoHanbHbie KOMnbicTepbi, a 

MaKponpo-LjeccopHoe aAanTepHoe ycTpoficTBO 
Ana yfloocTBa M3roTaBfiMBaeTCfi b bha© 
MMejoLi^eM cfiopMaT "nonoBMHHoro pa3Mepa" 
KapTbi mjim AOMepHew nnaTbi, BcrpoeHHofi b 
nepcoHanbHbm KOMnbtoTep n CB?i3aHHoPi c ero 
luhhoH. AAamep, TaKUM o6pa30M, 
3annTbiBaeTCfl ot LUMHbi TepwiMHana BBOAa 
AaHHbix, mto o^ecneHUBaeT AonoriHHTenbHbie 
yAoGcTBa. 

KpoMe Toro, paAHOMOAvnb nepeAaTHHKa n 
npneiviHMKa 3ani/iTbiBaeTCfl ot CBfl3aHHofi c hum 
nnaTbi aAanTepa nocpeACTBOM npoBOAHMKOB, 
KOTopbie TflHyrcfl nepe3 rno~KHM MHoroKHJibHbifi 
Ka6enb, coeAMHfliomi/iCi ero c nnaTOM, hto 
ABrmeTCfl AonoriHMTeribHbiM npei/iMymecTBOM. 

Eii\e oaho npenMymecTBO saKJifOMaeTCfl b 
tom, hto paAHOMOAyJib nepeAaTHUKa n 
npneMHUKa Ka>KAOM a6oHeHTCKOM CTaHi4MH MMeeT 
ABe HeHanpaBJieHHbie aHTeHHbi a/ih nanyneHHfl 
npocTpaHCTBeHHoro "pa3Hoca" Ana ynyHiueHi/m 
xapaKTepucTHK paAwocBA3H c HenoABM>KHbiMH 
paAMOMOAyn^MM nnn 6a3aMH. 

Mokot TaiOKe MOHTwpoBaTbca HenoABH>KHoe 
i^eHTparibHoe ynpaBrmtomee yorpoCicTBO aha 
CB5R3H c HenoABn>KHOM ceTbio, HanpuMep, c 
ceTbio Ethernet, c Koribi^eBoCi ceTbio c 
acTacpeTHbiM AOCTynoM unw c ceTbio nepe3 
RS232. 

B Aa-TibHeMLueM M3o6peTeHne noflCHfleTca 
onucaHneM BapnaHTa ero ocymecTBneHMfl co 
ccbinKaMM Ha npunaraeMbie nepTe>KH, b nucne 
KOTopbix: 

qbnr.1 M3o6pa>KaeT 6\noK-cxeMy noKanbHofi 
ceTM, 

qbur. 2 - o\noK-cxeMy, noKa3biBakDU4yio 
CTpyKTypy aAanTepa n noABH>KHoro 
paAMOMOAyn^, CBA3aHHoro c Ka>KAbiM 
TepMMHarioM BBOAa AaHHbix noKanbHOM ceTH, 
noKa3aHHOM Ha dpvw. 1, 

c(Dnr. 3 - nacTOTHO-BpeMeHHyho A^arpaMMy, 
onucbiBafomyK) npoijecc paAnonepeAann 
cornacHO ruGpnAHOM cucTeMe c BpeMeHHbiM n 
MacTOTHbiM ynnoTHeHneM KaHanoB b noKaribHOH 
ceTH no qbur. 1 , 

cjDnr.4 - npuMep KaApa a^^ acuMMeTpuHHoro 
coeAHHeHMfi c MHO>KecTBOM OAHOHanpaBneHHbix 
KaHanoB, KOTopoe MO>KeT o6pa30BaTbca b 
noKanbHOM ceTH no cjonr. 1 . 

Ha cjDnr.1 6ecKa6eribHafl JioKanbHa^ ceTb 
LAN, o6pa30BaHHafl b cooTBeTCTBMH co 
cnei^nqbuKai^MfiMM CTaHAapTa DECT, BKniOHaeT b 

Ce651 MHO>KeCTBO a^OHeHTCKMX CTaHI^HM T n 

HenoABHXHoe i^eHTparibHoe ynpaBn^^Lnee 
ycTpoMCTBO, o6bNHO o6o3HanaeMoe C. 



Ka>KAa^ aSoHeHTCKaa CTaHi^na T coAep>KMT 
cooTBeTCTByfOLAHL^i TepMUHan BBOAa AaHHbix, 
KOTopbie b o6u^eM cnynae MO>KeT cocTO^Tb M3 
jihD6oro ycTpoMCTBa, TaKoro, KaK npoi^eccop, 
npuHTep n TaK Aanee, KOTopoe MO>KeT nocbinaTb 

5 m/mtim npuHMMaTb i^McjDpoBbie AaHHbie 
nocpeACTBOM ceTi/i CB33H. B npuMepe cornacHO 
dpMr.1 TepMUHanbi BBOAa AaHHbix a6o h e h tckmx 
CTaHi^nM T o6pa30BaHbi nepcoHaribHbiMM 
KOMnbHDTepaMU PC, HMeioLUMMM CTaHAapTHyra 

1Q ceTb m nporpaMMHoe o6ecneneHne Tuna LAN 
Manager. nepcoHaribHbiMM KOMnbHDTepaMM 
MoryT 6biTb, HanpMMep, ycTpoMCTBO Olivetti 
I/D33, rAe Ka>KAoe BKnionaeT KnaBnaTypy K, 
3KpaH Ancnnea D b MOAyrib o6pa6oTKM AaHHbix 
M. 

75 Ka>KAbiM TepMUHan BBOAa AaHHbix 

coeAUHneTca c cooTBeTCTByfou^nM noABM>KHbiM 
paAMOMOAyneM nepeAaTMMKa h npneMHUKa 
(npneMonepeAaTHUKa), o6o3HaneHHbiM MRM, 
Tuna, OTBenaiOLnero cnei4Mc|Di/iKai4H5 : iM DECT a^i^ 
4)M3HHecKoro ypoBHn. 

20 MoAyJib o6pa6oTKH AaHHbix M Ka>KAoro 

TepMUHana BBOAa AaHHbix PC coAep>KMT b ce6e 
cooTBeTCTByfomee MMKponpoi^eccopHoe 
ycTpoMCTBO aAanTepa, o6o3HanaeMoe LM. 
MuKponpoi^eccopHbiCi aAanTep aAanTupoBaH k 
pe>KHMy pa6oTbi b KanecTBe HHTepdpePica Me>KAy 

25 cooTBeTCTBywLAUM TepMMHanoM BBOAa AaHHbix 

H CBfl3aHHblM C HUM nOABM>KHblM paAHOMOAYA^M 

MRM. C 3TOM u,eribK), KaK cxeMaTi/inecKM 
noKa3aHO Ha cjonr. 2, MMKponpoi4eccopHbiM 
aAanTep LM coeAHHfleTca c luhhom AaHHbix DB 
3Q MOAyn^ o6pa6oTKM AaHHbix M TepMUHana BBOAa 
AaHHbix. AAanTep LM coeAUHfleTca TaiOKe c 

nOABM>KHblM paAMOMOAyTieM MRM, CBfl3aHHblM c 

TepMUHanoM BBOAa AaHHbix nocpeACTBOM 
MHoro>KMribHoro rn6Koro Ka6enfi CC (4>nr. 1 m 2). 
L(eHTpajibHoe ynpaBnafomee ycTpoMCTBO C 

35 BKJIIOHaeT B CeSfl MHO>KeCTBO HenOABUXHblX 

paAHOMOAyneCi nnn 6a3 FRM, ycTaHOBJieHHbix b 
cooTBeTCTByKDLAMX npeABapnTen bHO 
onpeAeneHHbix cjDUKCupoBaHHbix Mecrax a^^ 
nepeAann n npneMa naKeTOB AaHHbix 
noABM>KHbiM paA^OMOAyJieM MRM oahom mjim 
40 HecKonbKMX a6oHeHTCKMX CTaHLiMM T m ot Hero. 
PaAMo6a3bi RB npucoeAUHniOTca, 
HanpMMep, GJieKTpuHecKMMH npoBOAaMU L k 
MUKponpoi^eccopHOMy KOHi^eHTpaTopy MC, 

KOTOpbIM yCTaHaBJlHBaeTCfl B CjDUKCHpOBaHHOM 

MecTe n nporpaMMnpyeTCfl Ha ynpaBneHne 
45 CB5R3bhD Me>KAy aSoHeHTCKHMM CTaHi^M^MM T no 
npeABapnTeiibHo onpeAeneHHbiM npoi^eAypaM m 
npoTOKonaM, b cooTBeTCTBua co CTaHAapTOM 
DECT, nocpeACTBOM paAHOCB?i3H, 

yCTaHOBJieHHOM Me>KAy nOABM>KHblMM 

5Q paAHOMOAynflMM MRM v\ paAMo6a3aMM RB. 

ripeAnoHTMTeribHO, HTo6bi Mor 

MOHTMpOBaTbCfl KOHUeHTpaTOp MC AHA CBA3H c 

HenoABM>KHOM ceTbio FN, HanpMMep, c ceTbio 
Ethernet, c Konbi4eBoCi ceTbio c 3CTac|DeTHbiM 
AOCTynoM nnn c ceTbho nepe3 RS232. Mo>KeT 
55 OKa3aTbca B03MO>KHbiM npucoeAHHeHne K 
HenoABM>KHOM ceTH KOHi^eHTpaTopoB MC Apyrux 
jiOKaribHbix cerew LAN. 

MHTerpupoBaHHaa cucTeMa, onucaHHaa co 

CCblJlKOtl Ha CjDHT. 1 , MO>KeT BbinOJIH^Tb CjDyHKI^MIO 

MHoronopTOBoro MOCTa ypoBHfl ynpaBiieHMfl 
60 AOCTynoM k cpeAe (MAC) aha o6ecneHeHM^ 
nepeAann v\ npneMa aSoHeHTCKMMM CTaHi4n?iMM 
T naKeTOB AaHHbix, KOTopbie ynaKOBbiBaKDTca b 
cooTBeTCTBMM c cpopMaTOM CTaHAapTa DECT M 
noABepraioTCfi o6MeHy no paAno nocpeACTBOM 

HenOABM>KHOM HaCTM C CMCTeMbl. 3Ta nacTb 

AeMCTByeT b KanecTBe BbicoKOCKopocTHOM 



cucreMbi KOMMyTai^MM naKeTOB n HanpaBrmeT 
npuHMMaeivibie naKeTbi nonb30BaTenbCKMM 
CTaHi^n^M MecTa Ha3HaHeHHfl nnn npoBOAHOM" 
ceTM FN. 

OnwcbiBaeMafl CMdeivia paooTaeT b 

COOTBGTCTBMH CO CTaHflapTOM DECT. 

OTBeHafOLL\ee CTaHflapTy DECT coeAMHeHne 

Me>KAy aOOHeHTCKMMM CTaHI4MFIMM T M 

HenoABH>KHOw nacTbio C cucieivibi 3aivieHfieT 
ToribKO ypoBeHb ynpaBJieHMfl AoorynoM k cpeAe 
(MAC) cucTSMbi Ethernet. 

BnaroAapa jimhmam L paAHo6a3bi RB MoryT 
ycTaHaB/inBaTbCiR ot KOHi4eHTpaTopa MC Ha 
paccTOflHuax ao nop^AKa 100 iwi. nyTeM 
BbinonHeHMiq cjDyHKi^MM , TaKnx, KaK nepeAana 
o6cny>KMBaHMfl coeAMHeHUM (handover), 
KOTopbie npeAycMOTpeHbi rt\9\ CTaHAapTa DECT, 
MoxeT ycTaHaBJiMBaTbca noHTM nonHafl 
HenpepbiBHOdb o6cny>KHBaHMn Me>KAy AByivm 

MflM HeCKOJIbKMMM MCnOJ1b3yeMblMM 

paAHo6a3aMM RB. 

KoHU,eHTpaTop MC MO>KeT 6biTb 

cc^opMnpoBaH, HanpuMep, Ha ocHOBe 

nepcoHanbHoro KOMnbioTepa Olivetti M300 c 

npoi^eccopoM Intel 386SX, pa6oTafou4MM c 

TaKTOBOM HaCTOTOM 16 MTi^. 

3tot KOHi^eHTpaTop BKfiHDHaeT b ce6n 
npoi^eccopbi rpynnoBbix curHanoB BBP, 
ynopHAOMeHHbiM o6pa30M coeAHHeHHbie c 
cooTBeTCTByjoii^MMM CBfl3aHHbiMH paAMo6a3aMM 
RB. 

YaoSho, hto npoueccopbi rpynnoBbix 
curHanoB BBP KOHi^eHTpaTopa MC n 
MHTepcjDeMCHbie aAamepbi LM a6oHeHTCKOM 
CTaHi4MM T MoryT 6biTb BbinoriHeHbi b BMAe 
MOHTa>KHbix nnaT nepcoHajibHoro KOMnbioTepa c 
cjDopiviaTOM nonoBMHHoro pa3Mepa n Ha npaKTUKe 
MoryT MMeTb Ty >Ke caiviyfo CTpyKTypy Ha 
annapaiypHOM ypoBHe n OTJinnaTbCfl TonbKO Ha 
ypoBHe nporpaMMHoro oSecneHeHMfl. dpyKTypa 
MHTepcj^eMCHoro aAanTepa LM CTaHunn 
nonb30BaTenfl 6onee noApoo"HO 6yAeT onucaHa 

HH>K6 CO CCblJIKOM HS dp\A\~. 2 

KoHi^eHTpaTop MC b i^enoM o6ecneMHBaeT 
ynpaBneHne Bcefi cucTeMOM" m, b MacTHOCTn: 

- cpyHKi^MOHnpoBaHMe BbicoKMX ypoBHefi 
npoTOKoriOB DECT, 

- ynpaBneHne pa3nnHHbiMM pecypcaivin ceTH, 

- nepeKJitoneHMe naKeTOB AaHHbix m, b 
cnynae Heo6xoAHMOCTM, 

- conpaweHMe Me>KAy 6ecKa6enbHOM ceTbio 
LAN m npoBOflHOM ceTbio FN. 

BbicoKne ypoBHH npoTOKonoB DECT 
o6ecneHMBaK)T ycnyrn 3 TaKne, KaK 
BbicoKOCKopocTHafi nepeAana o6cny>KMBaHHfi, 
ono3HaBaHne nonb30BaTerifl n co3AaHne 
BnpTyaribHbix coeAHHeHMti, KOTopbie 
o6ecneHHBaK)T ycTaHOBneHne c)DM3MHecKMX 
coeAMHeHMii 6e3 MaccuBHbix o6ivieHOB flaHHbiMi/i. 

nepeA AanbHeMLUUM o6cy >ka© h m e m 
Aoctomhctb CTpynrypbi cjDyHKL^MM ycTpoficTB LM h 
npoueccopoB rpynnoBbix curHanoB BBP oYavt 
noK33aHbi HeKOTopbie xapaKTepucTMKH, 
CBfi3aHHbie c noABH>KHbiMH paAHOMOAyn^MM 
MRM n c paAHo6a3aMM RB. 

KOHCTpyKTHBHO MOPtfHW MRM M RB nOHTH 

OAMHaKOBbi. KaKyxe roBopMnocb, mmm ABrmioTCfl 
npneivionepeAaTHMKM, cooTBeTCTByKDLAwe 
cnei4MC)DMKai4MflM DECT An* cjDH3HHecKoro 

ypOBHfl. B COOTBeTCTBUM CO Cnei4MCjDMKai4M?1MM 

DECT, paAHOMOAynn paooTaioT b nonoce 
nacTOT 1880 - 1900 MTi^ Ha Recniw 
pa3HeceHHbix KaHanax c HHTepBanaivin b 1.728 

M^^. 

06bNHO MOAynn MoryT MmoBeHHO 



nepeflaBaTb Mou^HOCTb okojio 250 mBt c 14HKJ10M 
npeAyciviaTpuBaeMOM aKTMBHOCTH comacHo 
CTaHflapTy DECT Me>KAy 4 m 96%. 

MoAyJin MoryT nepeAaBaTb curHanbi, 

MOAynnpOBaHHbie B COOTBeTCTBMH c 

5 Cj^HJlbTpOBaHHOM TayCCOBOM HaCTOTHOM 

MaHnnynai_\neM, Korapa^ flBnaeTca 
HeKorepeHTHbiM BapnaHTOM rayccoBOM 
MaHnnyn?iL\MM c MUHUManbHbiM cabhtom, b 
kotopom BT=0.5 (BT - 3TO nponsBeAeHne 
1Q LLwpuHbi nonocbi B ncnonb3yeivioro c(DmibTpa n 
AJinTeribHocTM T OTAe.nbHoro CMMBona). 

PaAnocBA3b Mex<Ay MOAyJi^MM MRM n 
paAMo6a3aMM RM nponcxoAUT b cooTBeTCTBMH c 
rn6pnAHoPi cudeMOM BpeivieHHoro n nacTOTHoro 
ynnoTHeHna KaHanoB (TDM/FDM) c abomhumh 

75 cuivinneKCHbiMn n AynneKCHbiMM coeAH He h Mfi m n . 

riepeAana nponcxoAMT bo BpeivieHHbix 
i^nKnax mjih KaApax, HMetoLi^nx AnnTeribHOCTb d 
(Hanpniviep) 10 MC, pa3AeneHHbix (HanpuMep) Ha 
24 BpeivieHHbix cenvieHTa, y KOTopbix, b 
COOTBeTCTBUM co cne^cjDWKaijwflMi/i DECT, 

20 nepBafi nonoBUHa (12) o6bNHO cnyxMT atia 
nepeAan ot paAHo6a3 RB nopTaTHBHbiM 
paAHOMOAynflM MRM, a BTopan nonoBMHa (12) 
Ana nepeAaM b npoTHBonono>KHOM 
HanpaBneHMM. 

Our. 3 noKa3biBaeT niviefOLnyfoca peweTKy 

25 BpeivieHHbix HHTepBanoB (240) c AecflTbio 
KaHanaMU ati^ Ka>KAoro KaApa. B peiueTKe 
BpeMfl t yKa3biBaeTCfl Ha a6cu,ncce, a nacTOTa 
f 1 - Ha opAMHaTe. MacTOTbi, CBfl3aHHbie c 
AecflTbfo KaHanaMM, yKa3biBaioTC?i ot f ao f-10, a 

30 BpeMeHHbie cerivieHTbi, Ha KOTopbie pa3AenaeTCjq 
Ka>KAbiPi OTAeribHbiM KaAP, HyiviepyiOTcn ot 1 ao 
24. 

flrm KaApoB, Ka>KAbiM M3 KOTopbix MMeeT 
AJiMTenbHOCTb 10 mc, pa3AeneHHyhD Ha 24 
BpeMeHHbix cerMeHTa, Ka>KAbiM BpeMeHHoPi 

35 cerMeHT MMeeT AnnTenbHOCTb 41 6,667 mkc, 
364,667 mkc, H3 kotopom MoryT Mcnorib30BaTbc?i 
Ana naKeTa AaHHbix, a 51 mkc - b Ka^ecTBe 
BpeMeHHoro npoMe>KyTKa (3au4MTHbiM MHTepBan). 

Yao6ho, hto AynneKCHaa CBfl3b c 
BpeMeHHbiM A^-neHweM (TDD) Mcnorib3yeTCiR ati^ 

40 AynneKCHbix coeAMHeHMM, a cerMeHTbi Ha Bcex 
nacTOTax Mcnorib3ykDTCfl Ana MHO>KecTBeHHbix 
coeAMHeHUM . 

CneAOBaTenbHO, paAM o m o Ay ti m MRN m RB 
TpeoyioT nepeHacTpoMKM Me>KAy AByM5q 

45 KaHanaMM Ha npoTMBonono>KHbix KOHi^ax 
nacTOTHOM nonocbi m nepeKJifOHeHM^ Me>KAy 
nepeAaneM m npMeMOM bo BpeMeHHOM 
npoMe>xyTKe (3aunMTHOM MHTepBane) Me>KAy 
AByMfi BpeMeHHbiMM cerMeHTaMM. 

npMHMMaHDLnas HacTb paAMOMOAyJieM MRM 

50 m paAMo6a3 RB MMeeT cynepreTepoAMHHykD 
apxMTeKTypy c oahmm KacKaAOM 
npeo6pa3QBaHMFi. 

KaK crieAyeT Ha cpur. 1 , Ka>KAafi paAMo6a3a 
RB MMeeT cooTBeTCTBytoLL^yfo aHTeHHy A, a 
Ka>KAbiM M3 noABM>KHbix paAMOMOAyTieM MRM 

55 a60HeHTCKMX CTaHL^MM MMeeT ABe aHTeHHbl A1 M 

A2 atisi nojiyneHMfl npocTpaHCTBeHHoro 
pa3HeceHnsq, no3BOJi^fou4ero ynyHLUMTb KanecTBO 
paAMOCoeAMHeHMM. 

B BapnaHTe ocyLnecTBneHMfi, noKa3aHHOM Ha 
cjDMr. 2, Ka>KAoe MHTepcjDeMCHoe yCTpOMCTBO LM, 
CB^3aHHoe c Ka>KAbiM TepMMHanoM BBOAa 
AaHHbix, coAep>KMT rnaBHbiM MMKponpoi^eccop 
50 m npoi^eccop curHanoB 51. 

TjiaBHblM MMKponpOL^eCCOp 50, KOTOpbIM 

o6pa30BaH, HanpMMep, ycTpoMCTBOM V40, 
npoM3BOAMMbiM KOMnaHMeM "HMnneH UrieKTpMK" 
(Nippon Electric Company), mokbt o6maTbCiR c 



luhhom DB CBfl3aHHoro c hum TepMHHana BBOfla 
AaHHbix nocpeflCTBOM AByxnopTOBOM naivmTH c 
npoM3BonbHoCi Bbi6opKOM 52 n c APyruM 
MMKponpoi^eccopoM 51 nocpeACTBOM APyrofi 
AByxnopTOBofi naMa™ c npoi/i3BonbHow 

Bbl6opKOM 53. 

MnKponpou,eccop 50 CBa3biBaeTca c 
naivinTbHD nporpaMM 54, Hanpi/iMep, Tuna 
dupaeMOM nporpaMMnpyeMOM nocToaHHOM 
naMfiTM, v\ c oyqoepHofi naMaTbio c 
npon3BOJibHOM BbiSopKOM 55 Ana ASHHblX. 

MuKponpoi^eccop 50 w naMaTb 55 

CBFI3blBaHDTCfl C yCTpOWCTBOM 56 Ana 

ynpaBneHHa conpaweHHeM c naMaTbfo m 
AeKOAnpoBaHMiq nopTOB BBOAa-BbiBOAa. 3to 
ycTpoPicTBO cfiopMwpyeTca KaK MHTerpanbHaa 
cxeivia ASIC (MHTerpanbHaa cxeivia Ana 
cnei^naribHbix npnno>KeHnPi) c BbicoKMM ypoBHeM 
MHTerpauwM. 

MuKponpoueccop 51 aBnaeTca ycTpoMCTBOM 
Ana o6pa6oTKH i4nc)DpoBbix cnmanoB, Hanpniviep, 
ycTpoMCTBOM TMS320, H3roTOBnaeMbiM 
KOMnaHnefi "TeKcac MHCTpyMeHT", n 
nporpaMMnpyeTca Ana ynpaBneHna 
HH3KoypoBHGBbiMM cf)yHKi_\naMM ynpaBneHwa 
AOCTynoM k cpeAe (MAC), TaKMMM, KaK 
cjDopiviaTMpoBaHne m p,edpopM3T]ApoBBH\Ae KaAPOB 
m cerivieHTOB, cnHxpoHM3ai4fia cerwieHTOB n 
KaApoB, o6Hapy>KeHMe olumook, CKaHnpoBaHne 
KaHanoB cb?13h h tsik flanee. 

npoi4eccop 51 coeAHHaeTca TaioKe c 
ycTpowcTBOM 57, KOTopoe M3BneKaeT TaKTOBbie 
curHanbi H3 curHanoB, npMHUMaeMbix 
noABH>KHbiM paAHOMOAyneM MRM, n 
reHepupyeT CMHxpoHui3npyK)LAne cwmanbi, a 
TaioKe ocyiAecTBrifleT nroooe KOAnpoBaHne Ana 
sau^MTbi nepeAaBaeMbix AaHHbix. YcTpoficTBO 57 
mo>kgt TaioKe M3roTaBnnBaTbca b BMAe 
oamhohhom HHTerpanbHOM cxeMbi ASIC Ana 
cnei4naribHbix n pun owe hum. 

YKa3aHHoe ycTpoficTBO CBasbiBaeTca c 
SycjDepoM 58, KOTopbiw AetfcTByeT b KanecTBe 
3aLi^MTHOM 3amenKH. npoi^eccop 51 
CBa3biBaeTca nocpeACTBOM 6yqbepa n 
MHoroKuribHoro Ka6ena CC c ycTpoficTBOM 59 b 
noABH>KHOM paA^OMOAyne MRM Ana 
ynpaBJieHna paAi/iocxeMaMi/i nepeAani/i v\ 
npneivia 60. YcTpowcTBO 59 TaioKe mo>k8t 
npon3BOAHTbca b bma© cnei4nanw3npoBaHHofi 
HHTerpanbHOM cxeMbi ASIC. 

Yaoo'ho, hto ycTpo^CTBO LM 3annTbiBaeTca 
ot LUHHbi DB TepMHHana BBOAa AaHHbix, 
HanpwMep, nocpeACTBOM AByx iipoboahmkob, 

0603HaMeHHblX I^HCjDpOBOM no3Hi_jneM 60 H3 CjDMr. 

2. KpoMe Toro, noABMXHbiPi paAHOMOAynb MRM 
3anMTblBaHDT OT HCTOHHMKa 3neKTpnHecKoro 

riMTaHMa aAanTepHoro ycTpoPicTBa LM, 
HanpMMep, nocpeACTBOM AByx npoBOAHWKOB, 
0603HaMeHHblX l4MCj3pOBOM no3HL4neM 61 Ha c|DMr. 

2, KOTopwe npoxoAaT nepe3 MHoro>KMnbHbi£i 
coeAHHMTeribHbiM Ka6enb CC. 

KaK ynoMMHanocb BbiLue, c annapaTypHofi 
tohkm 3peHna, npoi^eccopbi rpynnoBbix curHanoB 
BBP ycTpowcTBa KOHi^eHTpaTopa MC HMen3T Ty 
>Ke CTpyKTypy, hto h non/iHecKwe MOAynw LM, 

BBOAHMbie B TepMHHaJlbl BBOAa A^HHblX 
aGOHeHTCKHX CTaHI^MM T. OaKTHHeCKH 

6onbLUMHCTBO cjDyHKL^w npoueccopoB rpynnoBbix 
curHanoB cooTBeTCTByeT cjDyHKi4naM, 
BbinoriHaeMbiM MOAynaMH LM. 3th QbyHKi4MH 

BKJ~IIOHaK)T B Ce6^, B HaCTHOCTM: 

- co3AaHne h JiMKBHAai-ln^ cerMeHTHbix 
CTpyKTyp, 

- co3AaHne m JiMKBHAai^nHD nornnecKHX 
KaHanoB, 
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- KOHTpOJIb 3a CBOSOAHbIMM KaHaJiaMM BO 

BXOAaLU,nx KOMMyHHKai4nax, 

pacnpocTpaHeHMe coo6LneHwCi "6e3 
coeAHHeHHa" m CHCTeMbi nepcoHaribHoro 

Bbl30Ba, 

nepeAana o6cny>KHBaHna Me>KAy 
nornnecKUM m "MewaneMeHTHbiM" KaHanaMU, 

- ynpaBJieHMe 6bicTpbiMM npou,eAypaMH Ana 
o6Hapy>KeHMfi m McnpaBJieHMJR olum6ok. 

HHTepcjDeCicHbie aAanTepbi LM TepMHHanoB 
BBOAa AaHHbix npeAycMaTpHBafOT TaioKe 
BbinoriHeHMe oneAyJOLAMX cjnyHKi^HM: 

co3AaHne h o6HOBJieHne KapTbi 
ncnorib30BaHna cjDM3HHecKHx KaHanoB CBa3M m 
Bbi6op KaHana Ana Ka>KAoro coeAHHeHHa, 
KOTopoe aojixho ycTaHaBnuBaTbCfl, n 

peiueHHe ocyu^ecTBHTb jimGo 
BHyTpn3JieMeHTHyH3, nn6o MexoneMeHTHyio 
nepeAany o6cny>KMBaHM?i m ee MHHunnpoBaHne. 

AAanTepHbie MOAynM LM AeMCTByraT TaioKe b 
KanecTBe MHTepcjDeticoB Me>KAy pe>KMMOM DECT 

M npHKJiaAHblM OKpy>KeHHeM COOTBeTCTByiOLAMX 

TepMHHanoB BBOAa AaHHbix. MoAynb LM TaKMM 
o6pa30M coot b eTCT b y ©t ceTeBOM onepai^MOHHOM 
CHCTeMe (aAMMHHCTpaTopy noKaribHOM ceTM), 
HaxoAameMca b TepMMHane BBOAa A^HHbix, 
tohho TaKHM xe o6pa3QM, KaK aAanTep ceTM 
Ethernet, nocpeACTBOM CTaHAapTHoro 
HHTepqbePica "Cnei4McjDMKai4MPi HHTepQbeMCOB 
ceTeBbix ApawBepoB cfMpMbi "MaMKpococ)DT" 
(Microsoft Network Driver Interface 
Specification). 

flBa peujaK)Lnnx TpeSoBaHMa Ana 
npHMeHeHUia cnei^HctDMKai^MCi DECT BJiOKaribHOM 
ceTM LAN - 3TO Heo6xoAMMOCTb ncnojib30BaHna 
c MaKCMMaribHOM oqbqbeKTHBHOCTbio 

cneKTparibHbix pecypcoB m Heo6xoAMMOCTb 

MMHHMM3MpOB3Tb 3aAep>KKy, BHOCMMyK) DECT. 

flria aoct n>Ke h h a o6enx sthx i4eneM 
Heo6xoAMMO Mcnorib30BaTb cnei^MaribHbie 

npOTOKOJIbl. 

TaK KaK noTOK A^HHbix xapaKTepwsyeTca 
kopotkhmm TpaHsaKi^HaMH , pacnofiaraeMbiMM 
Me>KAy npoAon>KMTeribHbiMH nay3aMM, 
npeACTaBfiaeTca HeB03M0>KHbiM coxpaHi/iTb 
coeAHHeHHa Mex<Ay CTaHi^MaMH norib30BaTenePi 

H paAHOOa3aMH 3 nOCTOaHHO OTKpblTblMH BBHAy 

hx cyu^ecTBeHHoro HeAoncnorib30BaHHa. 
riooTOMy paAHOcoeAHHeHHa b ceTM 
ycTaHaBJiHBafOTca ToribKO TorAa, KorAa ecTb 
AaHHbie Ana nepeAann, m npepbiBaKDTca npw 

OTCyTCTBHM nOCJieAHMX C TeM, HTOGbl 

ocBo6oAMTb paAHOKaHaribi Ana ncnojib30BaHna 
ApyrMMM nojibsoBaTenaMM. 

C 3toh i^eribHD rnaBHbiH npoi^eccop 50 
Ka>KAoro MOAyna LM nporpaMMHpyeTca Ana 
pa6oTbi cji eAy fo ll^m m o6pa30M. 

Ka>KAbiH pa3, KorAa AaHHbie noABOAaTca k 
6ycjDepHOM naMaTH 55 Ana nepeAanw 
nocpeACTBOM CBa3aHHoro noABM>KHoro 
paAHOMOAyna MRM, maBHbitf MHKponpoi4eccop 
50 ycTaHaBfiMBaeT paAHocoeAHHeHne 
nocpeACTBOM MMKponpoi^eccopa 51 (c 
paAHo6a30M, onpeAeneHHOM HM>Ke, h c 
ncnonb30BaHneM cerMeHTOB KaHana nnki 
nacTOTbi, onpeAeneHHbix HM>Ke). 

PaAHOCoeAMHeHHe, ycTaHOBneHHoe TaKMM 
o6"pa30M, coxpaHaeTca Ha npoTa>KeHMM Bcero 
BpeMeHH, Heo6xoAMMoro Ana nepeAaHM AaHHbix 
b naMaTb 55. riocne nepeAaHM AaHHbix 
paAHOcoeAMHeHMe He 3aKpbiBaeTca cpa3y >Ke, a 
coxpaHaeTca b TeneHHe npeABapnTenbHO 
onpeAeneHHoro nepHOAa BpeMeHH. TnaBHbiH 
MHKponpoi4eccop 50 ncnonb3yeTca Ana 

06pa60TKM KpaTKOCpOHHOH CT3THCTHKH , 



OTHOcnmeficn k TpacjDMKy CB33M TepMMHana 
BBOfla flaHHbix (Hanpniviep, Ha nepnofl b nonnaca 
i/inn nac). 3areM paflnocoeflMHeHne, 
o6ecneMMBahOLnee nepeflaMy AaHHbix, 
npepbiBaeTcn c 3aflep>KKOM nocne MOMema 
OKOHMaHMfl nepeflaMH AaHHbix, npuMeivi 
3aflep>KKa onpeAenneTcn aflanTHBHO Ha ocHOBe 
cpeAHero TpaqbkiKa, KOTopbifi ASMCTBOBan Ha 
TepMUHan BBOfla AaHHbix. 3to yivieHbLuaeT 
HeHy>KHbie nay3bi, TaK KaK, b 6onbi_LMHCTBe 
cnynaeB, He o6n3aTenbHO saHOBO 
ycTaHaBnuBaTb paAnocoeflUHeHne, KorAa Ann 
nepeAann nociynaeT nocneAytoinwki noTOK 
AaHHbix. 

flnn Toro HTo6bi Bbi6paTb paAMo6a3y, c 
kotopom ycTaHaBJiMBaeTC^ coeflMHeHne, Ka>KAbii/i 
aAanTepHbiPi MOAynb LM CTaHi^nn nonb30BaTenn 
paSoTaeT cneAytomuM o6pa30M. 

B COOTBeTCTBMM co CTaHAapTOM DECT 
rnaBHbiti MMKponpoueccop 50 aAamepa (LM) 
Ka>KAofi a6oHeHTCKOM CTaHL^HH ncnonb3yeTcn 
LiUKJinnecKM Ann CKaHnpoBaHi/in Bcex cerivieHTOB 
Bcex KaHanoB nocpeACTBOM CBn3aHHoro 
noABH>KHoro paAHOMOAynn MRM Ann Toro, 
HTo6bi onpeAennTb ypoBeHb ci/imana, 
M3JiyHaeMoro Ka>KflOM HenoABH>KHOM paAMo6a30M 
RB b Ka>KAOM cerivieHTe Ana Ka>KAoro KaHana 
mjim nacTOTbi. Ha ocHOBe oi^eHKM ypoBHePi 
ckirHanoB, onpeAenneMbix TaKMM o6pa3CM, 
MMKponpoi4eccop 50 MO>KeT ycTaHOBMTb, KaKan 
M3 HenoABM>KHbix paAMo6a3 RB nBnneTcn 
6nn>KaMLJjei?i. Bo BpeMn CKaHwpoBaHun 
npoi^eccop ncnonb3yeTcn TaioKe Ann 
AeKOAMpoBaHM^ curHanoB, yKa3biBafou4i/ix Ann 
Ka>KAoro cenvieHTa paAMo6a3y RB, KOTopan 

MOKST 6blTb aKTMBHa. 

BnaroAapn TaKOMy "KapTorpacjDnpoBaHMfo" 
Ann nepeAann AaHHbix rnaBHbifi npoueccop 50 
ycTpoMCTBa LM Ka>KAoro TepMMHana 
nonb30BaTenfl MoxeT Bbi6npaTb 6riki>Ka£iLLiyio 
paAno6a3y, y KOTopotf He Bee cenvieHTbi 3aHnTbi 
b paccMaTpMBaeMbm MOMeHT BpeivieHM. 

noAo6Han npoi^eAypa no3BonneT H36e>KaTb 

TLL^eTHblX nonblTOK yCTaHOBMTb 

paAHOCoeAMHeHne c paAHo6a30M, koto pan, xoTn 
b nBnneTcn 6rin>KaMLuePi, nonHocrbio 3aHnTa b 
pacciviaTpMBaeivibiM momsht. 

B COOTBeTCTBUM CO CTaHAapTOM DECT 
npoi^eccopbi rpynnoBbix curHanoB BBP 
ycTpowcTBa KOHueHTpaTopa MC ncnonb3yioTcn 
Ann i4HKfiMHecKoro CKaHnpoBaHun KaHanoB min 
nacTOT f 1 -f 1 o nocpeACTBOM CBn3aHHbix paAHo6a3 
RB. B nacTHOCTM, CKaHnpoBaHne npowcxoAUT 

CMHXpOHHO C l4MKJ1MHeCKMM CKaHUpOBaHMeM, 

ocyLAecTBnneMbiM ycTpowcTBaMU LM 
TepMUHanoB nonb30BaTenew. KpoMe Toro, 
maBHbie npoi^eccopbi 50 MOAynew 
MHTepcjDeMCHbix aAanTepoB LM McnonbsyioTcn 
Ann npoBeAeHHfl CKaHi/ipoBaHi/in Ha oai^ih KaHan 
BnepeA- flpyrnMH cnoBaMH, ecnn b xoAe nx 
CKaHnpoBaHun HenoABM>KHbie paAHo6a3bi RB 
"onpauj^BaioT" KaHan nnn nacTOTy f i , b tot >Ke 
MOMeHT noABH>KHbie paAHOMOAynn 

"onpaiuMBaKDT" KaHan nnn nacTOTy f^. 

Bee 3TO n03BOn^eT MHHHMH3HpOBaTb BpeMn, 

HeoGxoA^Moe Ann ycTaHOBneHi/in 
paAMOCoeAHHeHi/in Me>KAy TepMkiHanoM 
nonb30BaTena v\ HenoABM>KHOki paflno6a30M. 

TnaBHbie npoi^eccopbi 50 HHTepqbeficHbix 
aAanTepoB LM a6oHeHTCKnx CTaHUMM v\ 
npoueccopbi rpynnoBbix curHanoB BBP 
KOHi^eHTpaTopa MC ncnonb3yK)TC5q Ann 
BbinonHeHi/in npoi^eAyp acuMMeTpuHHoro 
coeAHHeHun m coeAHHeHun c MHO>KecTBOM 
OAHOHanpaBneHHbix KaHanoB nepeAaMM A^HHbix 
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CTaHAapTa DECT Ann onpeAeneHi/m, b KaKOM 
cerMeHTe nepeAaBaTb. 

npoi^eAypa c MHO>KecTBOM 

OAHOHanpaBneHHbix KaHanoB o6ecnennBaeT 
OAHOBpeMeHHoe npucBoeHne coeAMHeHUho, 
CBfi3aHHOMy c oahoPi a6o h e h tcko m CTaHi^neM, 
HecKonbKnx cerMeHTOB (OAHOHanpaBneHHbix 
KaHanoB). LLlMpnHa nonocbi Ann ao"oHeHTCKOM 

CTaHI^HM, T3KHM 06pa30M, MO>KeT 

yBennHUBaTbcn, HanpuMep, ot AynneKca c 32 
k6/c (oahh OAHOHanpaBneHHbix KaHan) ao 
(TeopeTunecKM), HanpuMep, AynneKca c 384 
k67c c ncnonb30BaHMeM Bcex ABeHaAi4aTH nap 
cerMeHTOB (12 OAHOHanpaBneHHbix KaHanoB). 

TaK KaK TpacjDMK b noKanbHOM ceTH o6bNHO 
oneHb acuMMeTpuMeH, b nacTHOCTM, npn 

Heo6xOAMMOCTM MMeTb 3HaHMTenbHbie LUMpUHbl 

nonoc, AQCTynHbie b oahom HanpaBneHnn, 
cnei4ncjDHKai4MM DECT Bicnfo^aioT MexaHH3Mbi, 
KOTopbie oGecnennBaioT ncnonb30BaHne b 
oahom HanpaBneHMH BepxHux v\ hmxhmx 
cerMeHTOB coeAHHeHnn. CoeA^HeHne SToro 
Tuna Aon>KHO o6pa30BbiBaTb nacTb coeAHHeHun 
c MHOKecTBOM OAHOHanpaBneHHbix KaHanoB, b 
kotopom no MeHbLueiTi Mepe oaho Apyroe 
coeAHHeHne ocTaeTcn AynneKCHbiM Ann 
o6ecneneHnn MapiupyTa Ann ynpasnnfou^nx 
AaHHbix b npoTHBonono>KHOM HanpaBneHnn. 
Pe3ynbTaT coctomt b tom, hto nonb30BaTenb 
MO>KeT o6painaTbcn noHTM ko BcePi LunpuHe 
nonocbi (352 k6/c) nyTeM 3aHnTnn nonoBMHbi 
cerMeHTOB, KaK noKa3aHO Ha cjDnr. 4, hto 
CBn3aHO c acMMMeTpuHHbiM coeAHHeHneM c 
MHOKecTBOM OAHOHanpaBneHHbix KaHanoB (5, 

1) 

HaKOHei^, nporpaMMHoe o6ecneHeHne, 
i/icnonb3yeMoe b noKanbHOM ceTH LAN, 
BKnioHaeT b ce6n npoueAypbi o6Hapy>KeHnn m 
ncnpaBneHun oluhCok b cooTBeTCTBMH co 
cnei4Mc)DHKai4nnMM DECT. Cnei4McjDHKai4HM 
npeAycMaTpuBaiOT Ha ypoBHe 2 (MAC/DLC) 
HeKOTopbie MexaHM3Mbi, KOTopbie 6binn 
pa3pa6oTaHbi cooTBeTCTBeHHO Ann stom i^enn n 
maBHbie xapaKrepucTHKH KOTopbix TaKOBbi: 

- ynpaBneHMe AOCTynoM k cpeAe (MAC) 
ooecnem/iBaeT ycnyrn, onpeAenneMbie KaK "I p " 

(3aLHMLHeHHblPl HHCjDOpMai_\MOHHblM K3Han) 3 C 

nponycKHOM cnocoo~HOCTbio 25.6 k6/c Ha 
coeAHHeHne m K03c|Dc(DMi4neHTOM oluh6km 10" 6 ; 
3tm ycnyn/i ocHOBaHbi Ha MexaHM3Me noBTopHOM 
nepeAann, KOTopbiM OTnu^aeTcn BbicoKUM 
6bicTpoAewcTBneM n npocTOTOM 6naroAapn 
Mcnonb30BaHMio oahookohhoto naKeTa; 

- DLC (ynpaBneHMe KaHanoM nepeAanw 
AaHHbix) o6ecnennBaeT ycnyrn, onpeAeneHHbie 
KaK "KaAPOBoe pene", KOTopoe 3aLAMLAaioT 
AaHHbie ot nio6bix oljjh6ok, BHOcuMbix bo BpeMn 
M3MeHeHHM nepeAann o6cny>KHBaHMn m 
coeflMHeHMn m ot ocTaTOHHbix oujm6ok KaHana l p . 

B 3aKnhOHeHMe HeooxoAUMO OTMeTMTb, hto, 
xoTn npuHunn n3o6peTeHnn ocTaeTcn 
Hen3MeHHbiM, BapnaHTbi ocymecTBneHun m 
AeTann KOHCTpyKi^nn MoryT LunpoKO 
BapbupoBaTbcn no cpaBHeHnio c onucaHHbiMM n 
nponnmocTpupoBaHHbiMn TonbKO b paMKax He 
BHoenmero orpaHnneHUM npuMepa, 6e3 
M3MeHeHnn o^^beMa HacTonmero n3o6peTeHnn. 

(t>opiviyna M3o6peTeHi/m: 

1 . Cnoco6 o6MeHa A^HHbiMM Me>KAy 
MHOKecTBOM aGoHeHTCKMX CTaHU|nPi no 
6ecKa6"enbHOM noKanbHoti ceTM nepe3 
LjeHTpanbHyro ynpaBnniomyK) CTaHL^nio, 
npon3BOA^Moro c npuMeHeHneM CTaHAapTa 
CBn3n DECT, ncnonb3yioLnero LunpoKyio nonocy 



nacTOT, pa3AeneHHyfo Ha mhokbctbo (n) 
KaHanoB (fi-fio) n na saflaHHoe h Mono 
BpeMeHHbix cerivieHTOB (2m), OTJiMHafOLAHMCH 
TeM, hto nepnoAHHecKM TpaHonnpyioT c 
LieHTpanbHOM ynpaBrmfomeH CTaHLjMH (C) 
curHanbi Arm Ka>KAoro H3 MHO>xecTBa (n) 
KaHanoB (f 1 -f 1 o) n Ana Ka>Kfloro M3 BpeMeHHbix 
cerMeHTOB (2m), nepnoAMHecKM CKaHnpyioT 

MHO>KeCTBOM aSOHeHTCKMX CTaHLJHil (T) 

yKa3aHHbie CHrHanbi t\nn onpeAeneHi/m ypoBHfl 
curHana Ka>Kfloro H3 MHO>KecTBa (n) KaHanoB 
(fi-fio) n cooTBSTCTBeHHO onpeAeneHHH 
3aH?iTbix hum He3aH?iTbix BpeMeHHbix cerivieHTOB 
(2m), cfiopMMpyfOT h nepnoAHHecKH 

KOppeKTHpyJOT C nOMOLL^bJO Ka>KAOM H3 

aGoHeHTCKHX CTaHi4MM (T) cnncoK 3HaneHHH 

ypOBHeM CHTHaJlOB H He3aH3TblX BpeMeHHbix 

cerMeHTOB (2m), ycTaHaBnHBaioT paAHOCBH3b 

Me>KAy OAHOtl H3 BblSpaHHblX aSOHeHTCKHX 

CTaHi4MM (T) m L4eHTpanbHoCi ynpa&rmiomefi 
CTaHi4nePi (C) b cnynae, KorAa Bbi6paHHaa 
aGoHeHTCKaa CTaHLjHfl (T) coAep>KHT 



MHcjDopMai4HK) ! n o An e>Ka my \o nepeAane, 
npon3BOA«T oSMeH HHc|DopMaL4neM Mex<Ay 

yKa3aHHOM Bbl6"paHHOH aOOHeHTCKOH CTaHI^MeM 

(T) m i^eHTpanbHoii ynpaBrmioLAeii CTaHi^new (C). 

2. Cnoco6 no n. 1, OTnnHatoLi^nCic^ TeM, hto 
5 noAflep>KHBaHDT paAHocBA3b b TeneHHe 

3aAaHHoro nepnoAa BpeMeHH ao 3aBepi_ueHMa 
o6MeHa HHcjDopMai^neM. 

3. Cnoco6 no n. 1, OTJiHHaroLUHMCfl TeM, hto 
noA£^ep>KHBaK3T paAMOCBfl3b b TeneHHe 

1Q aAanTMBHO 3aAaHHoro nepnoAa BpeMeHH Ha 

OCHOBe CTaTHCTHHeCKHX A^HHblX CBH3HOM 
Harpy3KM OTHOCMTeJlbHO Bbl6paHHOM 

aooHeHTCKofi CTaHi4HM (T), nonyHeHHbix b 
3apaHee onpeAeneHHbm nepwoA BpeMeHH. 

4. Cnocob" no n. 1, OTnHHaHDLi^HHCfl TeM, hto 
15 o6ecnennBajoT acuMMeTpuHHyjo 

MHoroKaHanbHyra LUHpoKononocHyjo CBfl3b c 

HCnOJ1b30BaHHeM MHO>KeCTBa cerMeHTOB H3 

3aAaHHoro nncria BpeMeHHbix cerMeHTOB (2m), 
Mcnonb3yeMbix OAHOBpeMeHHO npn 

ycTaHOBneHMM yKa3aHHOH paAHocBH3H. 
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Cordless local area network (radio LAN) with central unit 

The present invention relates to a local area network 
(a LAN) and, more specifically, to a network of the 
cordless (or wireless) type, particularly a network 
which operates in accordance with the DECT standard to 
enable data to be communicated by radio between a 
plurality of user stations each comprising a respective 
data terminal, by means of a fixed central control 
device. 

Local networks have become increasingly widespread in 
the informatics and telematics world for short-range 
connections for enabling the transmission and 
distribution of data and services between a plurality 
of users within the same area, for example, in the same 
building. A local network enables many data terminals 
of different kinds, such as personal computers (PCs) , 
minicomputers, printers, etc. to be connected in an 
extremely flexible manner, enabling very fast 
transmission speeds of the order of hundreds of 
thousands of Kbits/sec. 

Up to now, most local networks have been of the wired 
type, that is, of the type in which the connections 
between the user stations and the central control 
devices are formed entirely by wires. 

The appearance on the market of portable computers such 
as laptop personal computers, has created a need for 
cordless LANs. 

A cordless local area network reduces installation 
costs because it eliminates the need to install 
connecting cables. This type of network can also be 
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formed in situations in which it would be difficult or 
impossible to install connecting wires, such as, in 
buildings which do not have sockets for LANs or in 
which there are architectural constraints. 

A cordless LAN network may represent the ideal solution 
in an organisation in which the positions of the user 
stations or the number of stations connected in the 
network are subject to frequent changes or 
modifications . 

A cordless LAN also represents the ideal solution for 
organisations which are subject to frequent changes of 
location. In this case, it would in fact be neither 
practical nor economical to transfer a wired LAN. 

Finally, as stated above, a LAN network enables data to 
be communicated even by portable personal computers, 
without limiting the mobility of these new devices. 

The network according to the invention operates in 
accordance with the DECT (Digital European Cordless 
Telecommunications) standard developed by ETSI - the 
European Telecommunications Standards Institute - which 
defines the specifications for radio connections 
between users and a network in a private environment. 

The DECT system operates in the band between 1880 MHz 
and 1900 MHz and provides for radio transmission by 
means of a hybrid time and frequency multiplex system. 

The characteristics of the DECT standard are described, 
for example, in "Digital European Cordless 
Telecommunications Services and Facilities", ETSI 
DR/RES 3003, June 1991 and in "Data Services in DECT", 
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A. Bud, Fifth International IEE Conference on Land 
Mobile Radio, Warwick, December 19 89. 

The cordless local area network according to the 
invention is characterised in that the data terminal of 
each user station is associated with: 

- a mobile radio transmitter/receiver module which is 
separate and distinct from the data-terminal, and 

- a microprocessor adaptor device for acting as an 
interface between the data terminal and the associated 
mobile radio module, the adaptor device being 
incorporated physically in the data terminal and 
connected to the mobile radio module by a flexible 
multicore cable, 

and in that the central control device includes: 

a multiplicity of radio modules or bases for 
installation in respective predetermined fixed 
positions and for transmitting/receiving packets of 
data to/from the radio module of one or more user 
stations, and 

- a microprocessor concentrator (hub) which is intended to be 
installed in a fixed position and to be connected to 
the fixed radio bases and which is programmed to 
control the communications between the user stations by 
means of the radio bases, according to predetermined 
procedures and protocols. 

Typically, the data-terminals of the user stations may, 
for example, be personal computers and the 
microprocessor adaptor device is conveniently produced 
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in the form of a n half-size"«format card or daughter 
board incorporated in the PC and connected to the bus 
thereof. The electrical supply for the adaptor is thus 
conveniently derived from the data-terminal bus. 

Moreover, the transmitter/ receiver radio module to 
advantage takes its electrical supply from the 
associated adaptor board by means of conductors which 
extend through the flexible multicore cable connecting 
it to the board. 

To advantage, each user station radio 
transmitter /receiver module has two omnidirectional 
antennae for achieving space "diversity" to improve the 
characteristics of the radio connection with the fixed 
radio modules or bases. 

Conveniently, but not necessarily, the fixed central 
control device may be arranged for connection to a 
fixed network, for example r an Ethernet network or a 
Token Ring or RS232 network. 

Further characteristics and advantages of the invention 
will become clear from the following detailed 
description of a cordless LAN network operating in 
accordance with the DECT standard, the description 
being given with reference to the appended drawings, 
provided purely by way of non- limiting example, in 
which : 

Figure 1 is a block diagram of the LAN network, 

Figure 2 is a circuit diagram showing the structure of 
an adaptor and a mobile radio module associated with 
each data-terminal of the LAN network shown in Figure 
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1, 

Figure 3 is a time/ frequency diagram relating to the 
manner in which radio transmission is effected 
according to a hybrid TDM /F DM system in the LAN network 
of Figure 1, and 

Figure 4 shows an example of a frame for an asymmetric 
multi-bearer connection which can be formed in the LAN 
network of Figure l m 

With reference to Figure 1, a cordless local area 
network LAN formed in accordance with the 
specifications of the DECT standard includes a 
plurality of user stations T and a fixed central 
control device, generally indicated C. 

Each user station T includes a respective data terminal 
which, in general, may be constituted by any device, 
such as a processor, a printer, etc., which can send 
and/or receive digital data by means of a 
communications network. In the embodiment shown by 
way of example in Figure 1, the data terminals of the 
user stations T are constituted by personal computers 
PC having standard network and applications software of 
the LAN Manager type. The personal computers may, for 
example, be Olivetti 1/D33 devices, each including a 
keyboard K, a display screen D and a processing module 
M. 

Each data terminal PC is connected to a respective 
* mobile radio transmitter/receiver (transceiver) module 

indicated MRM, of a type conforming to the DECT 
specifications for the physical layer. 
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The processing module M of each data— terminal PC 
incorporates a respective microprocessor adaptor 
device, indicated LM. The microprocessor adaptor is 
suitable for acting as an interface between the 
respective data terminal and the associated mobile 
radio module MEM. For this purpose, as shown 
schematically in Figure 2, the microprocessor adaptor 
LM is connected to the data bus DB of the processing 
module M of the data terminal. The adaptor LM is also 
connected to the mobile radio module MRM associated 
with the data terminal by means of a multicore flexible 
cable GC (Figure 1 and 2) . 

The central control device C includes a multiplicity of 
fixed radio modules or bases FRM installed in 
respective predetermined fixed positions for 
transmitting/ receiving packets of data to /from the 
mobile radio module MRM of one or more user stations T. 

The radio bases RB are connected, for example, by 
electrical wires L, to a microprocessor concentrator MC 
which is installed in a fixed position and is 
programmed to control the communications between the 
user stations T by predetermined procedures and 
protocols, in accordance with the DECT standard, by 
means of radio connections established between the 
mobile radio modules MRM and the radio bases RB. 

Preferably, but not necessarily, the concentrator MC 
may be arranged for connection to a fixed network FN, 
for example an Ethernet network or a Token Ring or RS 
232 network. Concentrators MC of other local networks 
LAN may possibly be connected to the fixed network. 

The integrated system described with reference to 
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Figure 1 can perform the function of an MAC (medium 
access control) level multi-port bridge to enable the 

* user stations T to transmit and receive packets of data 

which are packaged in accordance with the DECT standard 

« format and are exchanged by radio, by means of the 

fixed portion C of the system. This portion acts as a 
very rapid packet-switching system and directs the 
packets received towards the destination user stations 
or towards the wired network FN. 

The system described operates in accordance with the 
DECT standard. The DECT standard connection between 
the user stations T and the fixed portion C of the 
system replaces only the MAC level of the Ethernet 
system. 

By virtue of the lines L, the radio bases RB can be 
installed up to distances of the order of 100 metres 
from the concentrator MC. By carrying out functions, 
such as connection handover, which are provided for in 
the DECT standard , almost complete continuity of 
service between the two or more radio bases RB used can 
be established. 

The concentrator MC may be constituted, for example, by 
an Olivetti M3 00 personal computer with an Intel 386SX 
processor operating at 16 MHz. 

This concentrator incorporates baseband processors BBP 
connected in an orderly manner to respective associated 
radio bases RB. 

Conveniently, the baseband processors BBP of the 
concentrator MC and the interface adaptors LM of the 
user station T may be in the form of half-size format 
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PC circuit boards and, in practice, may conveniently 
have the same structure at the hardware level and be 
differentiated only at the software level. The 
structure of an interface adaptor LM of a user station 
will be described in greater detail below with 
reference to Figure 2. 

The concentrator MC as a whole is responsible for 
controlling the entire system and, in particular: 

- the functioning of the high levels of the DECT 
protocols, 

- the control of the various resources of the network, 

- the switching of the packets of data, and possibly 

- the interfacing between the cordless network LAN and 
the wired network FN. 

The high levels of the DECT protocols provide for 
services such as fast handover, user authentication and 
the creation of virtual connections which enable 
physical connections to be established without massive 
exchanges of data* 

Before the merits of the structure of the functions of 
the LM devices and of the band base processors BBP are 
discussed further, some characteristics relating to the 
mobile radio modules MRM and to the radio bases RB will 
be set out. 

Structurally, the modules MRM and RB are almost 
identical. As already stated they are transceivers 
conforming . to the DECT specifications for the Physical 
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Layer. In accordance with the DECT specifications/ 
the radio modules operate in the band between 18 80 MHz 

and 1900 MHz on ten channels spaced at 1.728 MHz 

intervals. 

Typically, the modules can instantaneously transmit a 
power of about 250 mW with an envisaged activity cycle 
according to the DECT standard of between 4% and 96%. 

The modules can transmit signals modulated according to 
filtered Gaussian FSK which is a non-coherent version 
of GMSK in which BT = 0.5 (BT is the product of the 
bandwidth B of the filter used and the duration T of 
the individual symbol) . 

Radio communications between the MRM modules and the 
radio bases RM take place according to a hybrid time 
and frequency multiplex system (TDM/FDM) with double 
simplex and duplex connections. 

Transmission takes place within time cycles or frames 
having durations d of (for example) 10 ms, divided (for 
example) into 24 slots, of which, in accordance with 
the DECT specifications, a first half (12) normally 
serve for transmissions from the radio bases RB to the 
portable radio modules MRM and the second half (12) for 
transmissions in the opposite direction. 

Figure 3 shows the grid of the slots (240) available 
with ten channels for each frame. In the grid, the 
time t is indicated on the abscissa and the frequency f 
is indicated on the ordinate. The frequencies 
associated with the ten channels are indicated f^-f^p 
and the slots into which each individual frame is 
divided are numbered 1-24. 
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With frames each of 10 ms divided into 24 slots, each 
slot has a duration of 416.667 ms of which 364.667 *s 
can be used for a packet of data and 51 jts as a time 
interval (a guard space) . 

Conveniently, a time-division duplex (TDD) is used for 
duplex connections and slots at all the frequencies are 
used for multiple connections. 

The radio modules MEM and RB therefore need to be able 
to retune themselves between two channels at opposite 
ends of the band and to switch between transmission and 
reception within the time interval (the guard space) 
between two slots. 

The receiving portions of the radio modules MRM and of 
the radio bases RB conveniently have superheterodyne 
architecture with a single conversion stage. 

Kb is clear from Figure 1, each radio base RB has a 
respective antenna A and the mobile radio modules MRM 
of the user stations each have two antennae Al and A2 
for achieving space diversity in order to improve the 
quality of the radio connections . 

in the embodiment shown in Figure 2, each interface 
device I>M associated with each data terminal includes a 
main microprocessor 50 and a signal processor 51. 

The main microprocessor 50 which is constituted, for 
example, by a V40 device produced by Nippon Electric 
Company, can converse with the bus DB of the associated 
data terminal by means of a dual-port RAM memory 52 and 
with the other microprocessor 51 by means of another 
dual-port RAM memory 53. 
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The microprocessor 50 is associated with a program 
memory 54, for example, of the EPROM type and a RAM 
buffer memory 55 for the data. 

The microprocessor 50 and the memory 55 are associated 
with a device 56 for controlling the interfacing with 
the memory and decoding the I/O ports. This device is 
conveniently formed as a large-scale integration ASIG 
integrated circuit (an application-specific integrated 
circuit) . 

The microprocessor 51 is a device for processing 
digital signals, for example, a TMS320 device produced 
by Texas Instruments and is programmed to control 
low- level MAC functions such as the formatting and 
deformatting of the frames and of the slots, the 
synchronisation of slots and frames, the detection of 
errors, the scanning of the communication channels, 
etc. 

The processor 51 is also connected to a device 57 which 
extracts the clock signals from the signals received by 
the mobile radio module MRM and generates the timing 
signals and also effects any' coding for protecting the 
data to be transmitted. The device 57 may also 
conveniently be produced in the form of a single ASIC 
integrated circuit. 

This device is associated with a buffer 5 8 which acts 
as a protection latch. The processor 51 is connected 
by means of the buffer and the multicore cable CC to a 
device 59 within the mobile radio module MRM for 
controlling the radio transmission/reception circuits 
60. The device 59 may also conveniently be produced 
in the form of an ASIC integrated circuit. 
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Conveniently, the device LM draws its electrical supply 
from the bus DB of the data terminal, for example, by 
means of the two conductors indicated 60 in Figure 2. 
Moreover, the electrical supply of the mobile radio 
module MRM to advantage is derived from that of the 
adaptor device LM, for example, by means of two 
conductors indicated 61 in Figure 2, which extend 
through the multicore interconnecting cable CC. 

As stated above, from a hardware point of view, the 
baseband processors BBP of the concentrator device MC 
have the same structure as the logic modules LM fitted 
in the data terminals of the user stations T. In fact 
most of the functions of the baseband processors 
correspond to functions carried out by the modules LM. 
These functions include, in particular: 

- the creation and dismantling of the slot structures, 

- the creation and dismantling of logic channels, 

- the monitoring of the free channels in the incoming 
communications , 

- the propagation of "connectionless" and "paging" 



- handover between logic and "inter-cell" channels, 

- the control of rapid procedures for detecting and 
correcting errors. 

The interface adaptors LM of the data terminals are 
arranged also to perform the following functions: 
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- the creation and updating of a map of the usage of 
the physical communications channels and the selection 
of the channel for each connection to be established, 
and 

the decision to effect either intra-cell or 
inter-cell handover and the initiation thereof. 

The adaptor modules LM also act as interfaces between 
the DECT environments and the applications environments 
of the respective data terminals. The module LM thus 
responds to the network operating system (the LAN 
manager) resident in the data terminal in exactly the 
same manner as an Ethernet network adaptor by means of 
a Microsoft Network Driver Interface Specification 
standard interface. 

Two critical requirements for the application of the 
DECT specifications in a local area network LAN are the 
need to use the spectral resources with maximum 
efficiency and the need to minimise the delay 
introduced by the DECT. In order to achieve both 
these objectives, it is necessary to use specific 
protocols. 

Since the data traffic is characterised by short 
transactions interposed between long silences it is 
inconceivable to keep the connections between the user 
stations and the radio bases open permanently since 
they would be massively underused. The radio 
connections are therefore established in the network 
only when there are data to transmit and are closed 
during periods of inactivity in order to free radio 
channels for use by other users. 
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For this purpose , the main processor 5 0 of each module 
LM is programmed to operate in the following manner. 

Each time data are admitted to the buffer memory 55 for 

transmission by means of the associated mobile radio * 

module MRM, the main microprocessor 50 sets up a radio 

connection by means of the microprocessor 51 (with a 

radio base determined in the manner which will be 

described below and with the use of slots of a channel 

or frequency determined in the manner which will also 

be described below) . The radio connection thus opened 

is maintained throughout the time necessary for the 

transmission of the data in the memory 55. After the 

data have been transmitted the radio connection is not 

closed immediately but is kept open for a predetermined 

period of time. Conveniently, the main microprocessor 

50 is arranged to process a short-term statistic 

relating to the communications traffic of the data 

terminal (for example, over a period of half an hour or 

an hour) . The radio connection opened for the 

transmission of data is then closed with a delay after 

the moment at which the transmission of data is 

completed, the delay being determined adaptively on the 

basis of the mean traffic which has affected the data 

terminal. This reduces useless periods since, in many 

m 

cases, it is not necessary to reopen the radio 
connection when a further flow of data arrives for 
transmis sion . 

In order to select the radio base with which to 
establish the connection, each user station adaptor 
module LM operates in the following manner. 

In accordance with the DECT standard, the main 
microprocessor 50 of the adaptor CLM) of each user 
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station is arranged cyclically to scan all the slots of 
all the channels by means of the associated mobile 
radio module MRM in order to detect the level of the 
signal emitted by each fixed radio base RB in each slot 
for each channel or frequency. On the basis of the 
levels of the signals thus detected, the microprocessor 
50 can establish which is the nearest fixed radio base 
RB, The processor is also arranged, during the 
scanning, to decode the signals indicative, for each 
slot, of the radio base RB which is (possibly) active. 

By virtue of this "mapping", in order to transmit data, 
the main processor 50 of the device LM of each user 
terminal can select the nearest radio base of which not 
all the slots are occupied at the time in question. 

This procedure avoids futile attempts to establish a 
radio connection with a radio base which, although it 
is the nearest, is fully occupied at the time in 
question. 

In accordance with the DECT standard, the baseband 
processors BBP of the concentrator device MC are 
arranged to scan the channels or frequencies - f^g 
cyclically by means "of the associated radio bases RB. 
In particular, the scanning takes place in synchronism 
with the cyclical scanning effected by the devices LM 
of the user terminals. Moreover, the main processors 
50 of the interface adaptor modules LM are arranged to 
carry out the scanning one channel in advance. In 
other words, if, in the course of their scanning, the 
fixed radio bases RB are "interrogating" the channel or 
frequency f^, at the same moment, the mobile radio 
f modules are "interrogating" the channel or frequency 

• f i+l- 
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This minimises the time needed to establish a radio 
connection between a user terminal and a fixed radio 
base. 

Conveniently, the main processors 5 0 of the interface 
adaptors LM of the user stations and the baseband 
processors BBP of the concentrator MC are arranged to 
carry out the DECT Multibearer and Asymmetric 
Connection procedures in order to determine in which 
slot to transmit. 

The multibearer procedure enables several slots 
(bearers) to be assigned simultaneously to the 
connection associated with a single user station. The 
bandwidth available for a user station may thus be 
increased from, for example, 32 kb/s duplex (single 
bearer) up to (theoretically) , for example, 384 kb/s 
duplex with all twelve pairs of slots (12 bearers) in 
use. 

Since the traffic in a local area network is typically 
very asymmetrical with the need to have considerable 
bandwidths available in one direction in particular, 
the DECT specifications include mechanisms which enable 
the uplink and downlink slots of a connection to be 
used in a single direction. A connection of this type 
must form part of a multibearer connection in which at 
least one other connection remains duplex to provide a 
route for control data in the opposite direction. The 
result is that a user can access almost the whole of 
the bandwidth (352 kb/s) by occupying half of the slots 
as shown in Figure 4, which relates to an asymmetric 
multibearer connection (5, 1) . 

Finally, the software used in the network LAN 
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conveniently includes procedures for detecting and 
correcting errors in accordance with the DECT 
specifications. The specifications provide for, at 
the level 2 (MAC/DLC) , some mechanisms which have been 
developed appropriately for this purpose, and the main 
characteristics of which are the following: 

- the MAC provides a service defined as an "Ip" (a 
protected information channel) with a throughput of 
25.6 kb/s per connection and an error factor of 10 ; 
this service is based on a retransmission mechanism 
which is quick and simple by virtue of the use of a 
single window packet; 

- the DLC (data link control) provides a service 
defined as "Frame Relay" which protects the data 
against any errors introduced during handover and 
connection changes and against residual errors of the 
Ip channel. 

Naturally, the principle of the invention remaining the 
same, the forms of embodiment and details of 
construction may be varied widely with respect to those 
described and illustrated purely by way of non-limiting 
example, without thereby departing from the scope of 
the present invention. 
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CLAIMS 



! a cordless local area network (LAN) for enabling 
data to be communicated by radio between a plurality of 
user stations (T) each comprising a respective data 
terminal (PC), by means of a fixed central control 
device CO , in accordance with the DECT standard , 

characterised in that the data terminal (PC) of each 
user station (T) is associated with: 

- a mobile radio transmitter/receiver module (MEM) 
which is separate and distinct from the data terminal 
(PC) / and 

- a microprocessor adaptor device (LM) for acting as an 
interface between the data terminal (PC) and the 
associated mobile radio module (MEM) , the adaptor being 
incorporated physically in the data terminal (PC) and 
connected to the mobile radio module (MEM) by a 
flexible multicore cable (CC) , 

and in that the central control device (C) includes: 

_ a multiplicity of - radio' modules or bases (EB) for 
installation in respective predetermined fixed 
positions and for transmitting/receiving packets of 
data to/from the mobile radio module (MEM) of one or 
more user stations (T) r and 

- a microprocessor concentrator (MC) which is intended 
to be installed in a fixed position and to be 
connected, by connecting lines (L) , to the fixed radio 

(EB) and which is programmed to control the 
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communications between the user stations (T) by means 
of the radio bases (RB) , according to predetermined 
procedures and protocols. 

2. A local area network according to Claim 1, in which 
each data terminal (PC) includes a data bus (DB) , the 
network being characterised in that the microprocessor 
adaptor (LM) associated with each data terminal (PC) 
includes: 

- means (51-58) for activating/de-activating the radio 
connection, 

- a buffer memory (55) , and 

- a main microprocessor (50) which is connected to the 
data bus (DB) of the data terminal (PC) , to the buffer 
memory (55) , and to the means (51-58) for 
activating/de-activating the radio connection, the main 
microprocessor (50) being arranged: 

to control the exchange of data with the data terminal 
(PC) in a predetermined manner, 

to admit to the buffer memory (55) the data which are 
to be transmitted by the associated mobile radio module 
(MRM) , and 

to pilot the activating/de-activating means (51-58) in 
a manner such as to activate a radio connection each 
time data are stored in the memory (55) and to keep the 
radio connection open for a predetermined period of 
time after the transmission of the data in the memory 
(55) has been completed. 
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3. A local area network according to Claim 2, 
characterised in that the main microprocessor (50) is 
arranged to pilot the activating/de- activating means 
(51, 57, 58) in a manner such that, upon completion of 
the transmission of the data in the memory (55) , the 
radio link is kept open for a period of time which is 
determined adaptively on the basis of a communications 
traffic statistic relating to the data terminal (PC) 
and calculated over a predetermined period of time, 

4. A local area network according to any one of the 
preceding claims in which, in accordance with the DECT 
standard, the radio communications between the mobile 
radio modules (MEM) and the fixed radio bases (RB) take 
place according to a mixed time and frequency multiplex 
system (TDM, FDM) on n channels or frequencies (fj - 
f n ) within a predetermined band with time cycles 
(frames) of predetermined duration, divided into a 
predetermined number (2m) of time slots, and in which 
the main microprocessor (50) of the adaptor (LM) of 
each user station (T) is arranged: 

- to scan all the 2m x n slots of all the n channels 
(f- - f- n ) cyclically by means of the associated mobile 
radio module (MEM) and to detect the level of the 
signal emitted by each fixed radio base (RB) in each 
slot for each channel or frequency and thus to 
determine which radio base (RB) is nearest the user 
station (T) r 

the network being characterised in that the main 
microprocessor (50) is also arranged, during the 
scanning, to decode the signals indicative of the radio 
base (RB) which is (possibly) active in each slot and 
to select - in order to transmit data - the nearest 
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radio base (RB) for which not all the slots are 
occupied . 

5. A local area network according to any one of the 
preceding claims, characterised in that the 
concentrator device (MC) includes a multiplicity of 
baseband processors (BBP) each of which is associated 
with and connected to a respective fixed radio base 
(RB) and is arranged to perform the functions up to 
level 2 of the hierarchy of DECT protocols. 

6 • A local area network according to Claim 5 , 
characterised in that the baseband processors (BBP) are 
arranged to scan the transmission channels or 
frequencies (f-^ - f 1Q ) cyclically, in accordance with a 
predetermined sequence, by means of the associated 
radio bases (RB) , and in that the main processors (50) 
of the adaptors (LM) of the user stations (T) are 
arranged to scan the transmission channels or 
frequencies (f^ - ^io^ ^ n s Y nciiron i sin with the baseband 
processors (BBP) but one channel in advance thereof. 

7. A local area network according to any one of Claims 
2 to 6 , characterised in that the main processors (50) 
of the adaptors (LM) of the user stations (T) and the 
baseband processors (BBP) of the concentrator (MC) are 
arranged to effect the DECT multibearer and asymmetric 
connection procedures in order to determine the slots 
in which to transmit. 

8. A local area network according to any one of the 
preceding claims, characterised in that the adaptor 
(LM) of each user station (T) is formed on a half-size 
format PC-AT circuit board. 
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9. A local area network according to one of Claims 5 to 
8 r characterised in that the baseband processors (BBP) 
are incorporated in the concentrator device (MC) and 
are supplied thereby. 

10. A local area network according to any one of the 
preceding claims, characterised in that each mobile 
radio module (MRM) receives its electrical supply from 
the associated adaptor (LM) by means of the multicore 
cable (CC) which interconnects them. 

11. A local area network according to any one of the 
preceding claims, characterised in that each mobile 
radio module (MEM) has a pair of antennae (Al, A2) for 
achieving space "diversity". 

12. A local area network according to Claim 11, 
characterised in that each fixed radio base (RB) has a 
single antenna (A) . 

13. A local area network according to any one of the 
preceding claims, characterised in that the 
concentrator (MC) can be connected to a fixed network 
(FN) such as an Ethernet or Token Ring network and can 
converse therewith. 

14. A local area network according to Claims 1 and 5, 
characterised in that the adaptors (LM) of the user 
stations (T) and the baseband processors (BBP) of the 
concentrator (MC) are formed by circuit boards which 
are identical from the hardware point of view but which 
are differentiated at the software level. 
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$ ft - - m 0- ft it £ K ^ S5 $ ft (MMDS)... ^ ^ ) t ' -is 



&n ft + & - & (rf)i^ t£ ^ it st, ^ m & *r -f- i& ii 
«. it - i® * 4*. n * 7t • & & # at * si * 



^ *r SI * (i£ * ife i& £ 3& S. ) ft Pit 3# ffl Zft. • 

#'J # i£ # *fr fo * H *x " i* £ f£ ,|± a p^r it * 

*'] ^ « **. it- " " ?iL 1 4± ^ " ° *» * # *fr & ^ 



rs] # ft *&■ «. A *fc +4 « ^ #j ( 4s. # - i& a& m _t - -fa # 
$r & t£ ^ * & -t- ^ # $r ft - i® * <i± ^ ; - *t *. 

> ^ ^ # ^ ^ a. *t ^ i® m jst ft -r # *jt .|± m ± 6<j ) b# • *>j 

it ^ ^ Jit - i® # #ir it ^ tl H jWt F€ * ^ 3* *t ^ if iv ft 

' k. tt ft -r ' # Bi ^ # ^ ^ ^ ^ ^ it ^ it *o ft it it 



i 



5 *3d «I± ^ R 'l± ^ ° 
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JL > &Wi£ty ( 2 ) 

- is £ *fr ^ 0- *fr ih (MiMO)ifi ft & sfctftm # f£ (N T f& )# $r 

& £ f& (N R # ijfc * # *fr if # ■ ^ - fS MIMOf 
it ^ m A N c il « iL ft #1 it ' * t N c <min{N T , N R } • # ^ it 

^ # - m m ± ft m it * in it MiMOf it ft - i® ± n m m 
it ' & & m m %l - m & ° -kv^mm^z % # m ^ #■ 

Mt. 1 i ^ P# A* dimensionality B# » #J it MIMO £ °T & 

® otb ' #'J ffl * it *t & f" i?L (CSI)^C # - -fS 

MIMO & & ftr 1 1 t I *> dimensionality #j # - i£ ^ Z£ R 

£ gfc <f4 At, " ^ ° 



4^ #- W ft U ft f& ftttft$ffl« M A3S-ffi|*jfA|ltib 

( M 1 M O ) it -ft & M, t 4fc 5'J ft > « EJ 41 # -ft 3£ " 

" n - f® mimo« it ft # m. " » T*iffl****t»Aa if 

# 4f- £ # it Hfc .tl W in, (CSi) • «*.^*^ffl^ir##*fr4i 

# # it # ft. ° # ^ • #«csusj*.^««-in» * & ' 

a #>j ffl it csi 43 & it -ft st & 01 -to m m, - m * ... ^ ) • 
« *b ^ ^ • n'j * 4dt n & n ^ m it f& # it a * -i± *& ■ 

M IMOit ft jfc it t # Hf # - <S # it % * 7t # ^ #fc - -f@ # 

•fc » * 7t 4l >jr * • ft 4dt is ^ ' it # ^ f§ * tl M * f# 

# a ^ ^ # *t ^ ^ m it St ' t.it li # - Hk & Vl *L&ffi 

m ft it fa & & i® & £ i® & m & it «• it S * tl 6tr ft St fe 
^ • jfe S it ^ ^ S'J 6^3 ft f£ ( frj *» M ^ — fli ^5 it M it F# JL 



# B /J *t # 
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# (CCMI)if # » - m & tik & * >h ^ ^ « A (UMMSE)if * - 

* #j # n j& as if t ) « * csi • 

'fi ¥r ft *fr 4i # *fr 3§ it 6tP # ° 'tt fl| 1* CSI » >5L $r t* CSI# EJ 
^ tfc # it If * 7C ° fftH*7L#'!ttft<|tE^itt^ 
CSI • X. a & « 4t I'J #J J£ # ** 4£ »£. If- * it #j # 

n J. * 4i csi^r a £ 4r csut *P ^ CSI ° £ ± csi a ^ flf 

# & f-7 ft 4*. ^ 3*. 4i W ft # '# & $■ & & m ± m % # 

$1 ^ i£ ( ff-J *n ^ ffl 3® £ _L ft & fl #p -fi ) • <p ^ csi »r & 

w ^ tf t^iii ^ ^ St /m m it (snr) - -r ^ « «• in » 

^7tJi*4*:«-$--'fB#*&*it6<jSNR1f- # ft <| # - -fill # 
it 6ti if ¥r ' ^ ft & - 4@ RS SNRIf # #f it Jfr 6tr $9 

# it t *9 ft * # ^ I® # *fr * it m m it # 0 *t £ CSIj^ 

j£ ^ f ' w & ft tit t£ >\t s>\ csi n ft 4i > & ft a 

it ^ M ft # 3fc 0 

^ «■ B ^ 45: ^ * ^ * « * * ft f «fc f?'J # -l± 4i 

7T & - £ ' ft T £ *s Mfe. « ^ ° 

ffl TF ffl ifc B ^ 

<«e.T**Jfc^^i£ * it I s ! t£ ^ m -fc # A IL # B ^ 60 # 

■i± — r± t * ft .« ' * t ft n & m t ft m ^ t • & 

tL % 4a *t ife ^ 7£ -4 i«i ' & t : 

I 1 ' ^ - *| ^) -ft # a fl # * Jfe ft Attt^fe #J 4i 
^ #«1 A. # $m tb (MIMO)it -ft afc 6^ K ^ ; 

m 2A#o 2B • — -f® ^ ^ *J ft <P ^ CSI^ S ^ ^ 4r 
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csi& m mimo# i&B&&&-mgrfit& n ft yj m ; 

m 3 ' - -fill *J ffl i £ ^ « *! a (OFDM) ^ MIMO#- i£ H 

& ft * - 1® $r fl * sfc £4 # ^ *| 'n ; 

|4 - A - fin t ^ *t * I§1 # It 3! ^ * 4* ^ isi 6$ j& as — JL 
IS] & ffl OFDMi MIMO'-g- — -«P^W^*« : 

1 5^p | 6 > A — -iS * ^ # (N R f )# i& ^ & > JLtiiPQ 
M it' (CCMI)& - 1k&V& £.%L 

•J- ^ 3T «t J: (UMMSE) Jl m. - fs ifr # # & 4l # 4£ H & ft elg 

-f® * ft if w ft 7T n ; 

H 7A ' ifcty t% MIMO $ ft «t=.**«|fc3&jfc3£&#ifc;F 13 

fi^ SNFU1 -2L -f- i^J *t JL ! ^ 

K 7B - it 9fl it #• =. * * 4dt it # ^ * n fii J. ± # <\t 
SifesaiW s ^ #. ^ ie, & it (CDF) - 



«T ^ £ *& * (MIMO)i| ft & ft 100 6^ n if; ' & ft 100 & ^ - 
& - ^ ^ f® £ ft 1 5 0 it ft *L % - i® & ft 1 1 0 - il ^ & ft 
1 00 v'X *I fll — -f@ & - M A <f £ 'H(*T« ^ ) <tt *H. 

^ if *a & if jfe > at R 1SL XL if & 3? 4± •_ - >f © ' ^* it 4fc 
/p. ft 150^ *4*«J.*4LCSI#J^«fc^*&4Li(f#|-fi<jAS(fr| 

•ftp 16 4$ ^ iPi f ) ° 

^ & ft 1 10 ft . - \ m it ft as Li 2, 'if ; f # ( ; # ^ tl )4£ 

* jfjt - f IH # J*. 6^ « 4% if $ « ^ it Wc - * # — f® # S*. ^ x. 



# if ^ it an 
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m if * m ^ (?? ^ m & # ) it & m & nf w * %~ m- it # & ^ ft 

7t 33^ M f'J - -fa A 2 M m « # *fr it jf # -t # ^ II it 6<j % 

# * ° it HI m if T is it ¥r # T * /I. • it & ft -ft 

ef W £ #fr it m*%&. ?t » i£ }R # it * ffl ^ it f- £f # 

It 4i # *fr #g i£ <ft - 4B -f- ^ it HL /m ifL tt (SNR)# tff&ltft * 

*f- # & ii - it it - # # f£ m y* a 4§r - m m € if a ^ ft 
^ <& it w ^ m it - # i# * # m m #■ s'j « it # it m, m & 

it af . m it £. ft & T «: * £ 4± ■ #L # # ^ «r - IS 
ite » • if- * tit & *t HOT #1 ffl 6^ 5t CSIic *p csi$, *t ** 

ft QLtitM ' & 200 1 2 ia«d{4i^Bl4#'Jt*t-**«; 
09/776,073 - ;£ A " — it it $ & 4l % if $ " t ift 

Bfi - # # J*. 6tf if # ' % t # £ & *■ t it * $ it A ' a « 
51 ffl 7T A # ^ X. t ° 

ML MO .f, m 1 00 Fl & it it ff M ^ 6t # ^ ^ ^ 5^ ft m 

$r % ^ ^ - -r #'J ffl it # ^ >\t ^ m. ft ^ ^ ra 6^ ^ m £ 
& 4± ^ s£ ' ^ # *fr ^ # «l± #■ »& f ^ -l± - $rO # 6<j 

# at ft ffl ^ ^ # tit ^ * ^ - i$ ^ ^ ^ # ^ ^ . ^ ^ $ 

't± 6<j # «t H * £ ffr # ^ # *ft * *t " * 3! J4. « ' * 
i it ^ # ^ it * # Bf • i'j ik H m fa Am. - vx it A 

it #■ ^ 6tr # -f± • *» • -r &. & it * 4 *f ^ -f^ it # *Jr ii 

^ is] # ^ ^ t& & ~t # ^ -r # * it ^ -r *j m ft # *& ^ ^ « ^ 
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f P a t # t i # t ^ t ^ f tt ... f f ° 4k *t £ *H #. 

6*J # $c ^ & £ % 4k 4ft. * & _L 4k it ^ # *fr it Sfe ' JL ft # 

# ^ ^ ^ ft t ^ «. # it ^ ^ » « it a # *t 9 m 'i± ° 

T y-x & -f- ft * m tfji&te$LM ft £ *fc 1 00 • *t 

- * it -ft Hfc *£ Steffi*.** - « #■ ifc * b# # 4$. 'I± » i& at ig. 

jl ^ # - m fe ^ • it $ it ft *t n & ^ w - * " £ ^ <i± " 

it it Jft S ^ - * " MIMO" it ft #t ,tl ° it £ & it ft #L II ft 

m £ $k it %. it it ft 44 & & »r * £. ° ^ it £ & 4± it ft 4£ M 

&j - fs ^ m & m ( * * # - « " **. " £ ^ ^ ft ,ti ) t ' 
i$ m- % ft vim % *r #j m # & ^ t # * # # *t - « « 

€ itt & 4ft. H & *fc 0 * * % ft # it #- * * f& 6*1 a# * * * ^ 

SN R1& B# * ic * it ^ Sj # * f& 6*7 B# ' fi'l »T #'J ffl it ^ #t £ 

it ft *t H - it MiMOit ft *t M £ it it ft 14 #j ^ Mr 

ft if] *L *fc # m 'l± ( ?P £ f# # *fr #° f f£ H'ft. ^ ft ) ' JL it 

f ffl ft MIMO it ft *t .tl «t R T * Jt it it ft 44 H ft ^ * 0 

t& MIMOit it ft. .tl # ft ffl « #■ /ic ^ i* f 5 ! it 

^ ioo ^ jfi ffl i ^ ^ M ft (ofdm) • « ^ ^ ^ it 

ft % m ml & & & & 1- m (l m ) m *j « i* ( pp m ^ a 
n ) ■ ^ - fs # w ^ 4*- ( - f?c # it « #■ s>j M it « 

£ 6^ # «K B# PJJ g Ffl ) it ^ 4§r - fa # m n. it -L # %k — fs 

^ ft # ft ■ ! . . • 

it -ft M 1 00 *it M !±7 # -f- fS # $«j * it # ft Df • *» -L 
^ ^. ' 4$ - f a MIMO^i it &h * N c fS) ffi i^«iS ' * t 
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jl > &*ni$L*n ( 7 ) 

N c <min{N T , N R } • W $r it ^ - -fBI ^ ± 60 3 £ it * & & it 

mimo m it 60 - in 2 im s'j m it ° st — m ^ *i m ofdm ao 
mimo & ft f > it # — -f© « #■ m m it ' jl »r # 4- - -f® 

2 W »J « it * # A - ^ " # *fr « it " ° «t — -flS #J ffl OFDM W 
MIMO $ jftifi t ' 4f # — I® $f #- 3'J it 60 4- — #! 2 M A| 

# it -k n Jk - im # $k * it • 3L at - ^ ^ « it mimo it a 

m it fMO OFDM & & ft f ' if # - -fSJ 2 Ffl S'J it ' JL # 

4- - im m si « it * & a - im # * it ° 

-to *J ffl 1* £ # ■!£ *t ^ *Ji fr i i W p# *j 

dimensionality 0# » S'J — -(S MIMO M & »T & & t£ £E • Sfe jtb 

7 #T»#i£»-tttCSlB# ' -fa # it # i& H * # 

csi( ^ % it ^ # *l & S'j it % & ^ ^ £ 60 # # ) 

' S'J & if ^ $ & ao 5i * & - -sp # csiii ^ ^ " & 
csr * iS. " «p ^ csi" - 

5l CSI & ^ tL ^ M N T xN R MIMO^E F£ t # - # # $w 

Mi IBJ it # # afc. # ^ ^ & ^ if i£ ^ 6tf # «fc ^ i€ 
( {*] -io ife ti 4a -fi ) • 2t ^ CSI ^ * ^ : 

i£ n fp ^ ^ *t n ji ffl w m it # «. *s i4 ; (2) it # in n it 

# n MiMOi it 60 # m. m a t « ^ ) * ^ «t ^ # 

t«ili # M 60 « ^ ^ ffe ^ *i 34 * * #'J #f) (i§ it- )« ^ «! 
*A # St » A # %k iz & * * #J ^ 60 iji) ft ^ ft ; & (3) it & 

H ft tit it M it # £S it ft it £M± # ^ ffi 60 - -fa s. ^ A 

an -ka 2 iwi ee g£ * at ) • « it # - <s # *si m it ( # — & 

# M A )m t 60 it NciS 2 W EE ge. ift at if- *t - £ CSI^ 
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£- > ( 8 ) 

rn.fi t * * m m it # # m «. t *t m )A m. is # - m # *fr 

# it tf) J # # (#-J ^ «3 € if * ) ' 

A is ^ m Ht ft fa • 

# ^ CSI & ^ ^ ^ # 4$ M it #r it fa /# i?L (SNR) 

( Up — i® £r OFDM MIMO & %l % — -fIS 2 M *J # it 6$ 
SNR ; it, - i® ^- OFDM-t MIMO ft- $k % ^ - i® 2 W ill M it 

^ ^ - i® m # ftl #5 it 6tr SNR) - # ^ csui. i^ri^itt 

15 m it SNR4 J£ iS # - tf§ # $T * it 6<J If £f ( fc| if # iS 
it t 6<J 'ft fp flflft) 1 

f 1 ' - 1® TX MTMOJ& ffi H- 120# 4t j& a TX ; # 3ft- 

£«»114+6<j*j£#«; ' ^ & 4fc it H * tfe MIMO^ it # 

#r «j # *t ° tx mimo^ s n 120 m ik ft #j A m. it iJiitm £ 

± CSl^ fg. # & # ^ CSlil. a ft • tjfT£'ifi8 it afl ° 

*t & csi^ m. ft f ' tx mimo a m n 120T # is 1$ 

ftftSt^i*"**. *J *0 0 ft «t *P CSI A a ft f ' TX 

mimoa n. b 1 20^ m n % m «e # st ^ ^ • t^r^ if *» 

16 f£ an i£ £ CSI MIM04 n. ^ is *p CSI MIM04 a 0 Sfc 
- IS ft ffl 5l CS1& S > ijt ft ffl OFDM^ MIMO .f, ^ ft 
f ' TX M1M04 ?S B 120m. & - i® ^ 4t M ft M !£ ft fa Hi & 

# - ^ # ^ *jl ' * t " - is ^ it *il ^ iWiWLfi fal &f W ^ * " 0 
^ - i®^ ^tPl ft m *^ ^ 5ti A is ^ Nc-HB 2 W I'J ^ it * ^ - 
-fS # ^ b# HQ ^ _L ^ Nc-fS ^ fi f •'[ . &<t. ^ - is -l± (#0 # ) 
^ ° «t - ft m % £ m. OFDM 4l MIMO M ft f ' 
TX MIMO^ S H 12041: ^ - f p\ ft ^ ^ n fa ft i i*. 
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i * &Wi)Lty ( 9 ) 

4§r — 4£ # *fc ' * t - tfi i% * eL ^ - # 5t 3t ffl 3* Jl 

tfc3pL'(S«**!#i££-L'te**, *J # jfl ft If St - *t - -fS 
it m # ^ CSIJ& a * -fa ^ ^ ffl OFDM-t MIMO £ & i«j f • TX 

mimoi m. B — ft if si >& # — % # afc - 

*t"-«^ ft if §fe / b# w ^ " • rfn «t - in it m *p a- csi A 

3S OFDM4: MIMO $ ft flfj "t • TX MIMO& 3£ H 120^ - 

f® iji] ft jft^t at ^ # - # ft ^ ' £-t^--fl§^*& 

i - # t # F'l ^ Hi t f L -fa # #■ S'J £i it #j L <fH $ ft If 
St; ■ *fc -L"'i£ m t #J ¥ W ft t- ' & - 4@ ^ #J #J iji] ft H (MOD) 
122-& $| ft 4§: - & {4k ffl ft * & ^ ffl ft )M ft If St 

& # - -is m ft if at ^ * • m & - * m & ^ & 124 

^«r«^-#-'©#i ft if St at ^ ft # st i«j * & ° 

^ K 1 t #f ^ ^ * ft ^ #'J t ' &*fc..#&ifcl50&^# J f- 
4£ ^ ^ J*. 1 52 - £. & ^ ^ # ifa z_ it St t* 4fc f'J 

it St & ^ ^ #J <tt # iH] H (DEMOD) 154 • # - i® m Pi H 
1 54& *r ft If 122 _L fff & 4r A S W—(BlSift8 ° 4f #T 

t m m s 1 54 1 is ^ #?■ 3? ft ^ if St it # ^ - ^ « (rx) 

MIMOJ& JIE 156 > JL>-X - ST^i^F^^Stlf^^f^. 
If St • Jtt 4l ' #M^#^rMitttt*^ 6^ ft If si 4fc ^ 
^ - ^@ RX ilf ft A m. B 1 5 8 . * + RXf ttlSI 158^Mf TX 

; f A S II 1 1 4 * f% ^ fj- 4l ^ m. tfi - i® S. M A U ° ft- — ft 
# ^ «t If t • RX ^ ¥r A & H 1 5 8 j4 ^ ^ ^ ^ S'J M ft 
If St 6*1 -la 7L it -fi ^ deinterleave ^ ^ tl it -fi * -SL $r M 
deinterleave^. &i±&&Ujk±Pfrl&Z.43-7t ^ M. & # fa M % 
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JL > &W1&ty ( 10 ) 

m i_ \3- 7t %l $k - \® i? # ^ 160 - #r it £'] ^ If St 
demap - deinterleave^ & ft 1 10_L # it # ^ 

Bfc 4t ^ # ^ ^ £ ^ & it 5- ffi ° f ifTlf M*tl * 4£ 
H £ & 150#j & S ■ 

- 1© MIMO & ft ^if^l'Jf i!(;Ujl#t^. ' - ^® * * 
^ * OFDM4: MIMO & ,t t ^ # t ^ it )#h ^ ^ M & ^ m 
ft & m 4& ¥r ( 04 -to ^ m ft * it. ^ ^ ^ & %l M- ) ' JL it S'J ^ 
fS] <tf SNR - @ ib ' it # ^ — -f@ # $1 it 6<j & * *T 4> £ ^ 
|S) #fj ° & * M 7C # it # ( ?P # - 4® i$ ft I3F ffc #J iff- itt 
it #t ) * it it & * ' t £ - i® # ^ *t jfe ^ i& T - « 

it ; # ifi it # it & # - -fa # M it _l # ^ • otb > it # 

# & $r # * 3! & Bi b# W ft ft 0 ££ftitf-#$i^it£-JL^^ 
W in. it # it #■ * N= W ft ft ° J& T £ £ J*, *>J ffl it # 
& it tfj £ * ' *t-T#'J^.(*^*fc-S.«*'lfc»*>tJi^J^) 

^ % i% ^ ^ |# f£- # 6*, CSI#a $r it CSI^ ^ ^ it # it H * 

it ' *X «. #B & ifc *q # ( * it )it A *£. ° *■ # B £ tfj ft fi *l 
a # #'J ^ CSI#a #'J m ( ^ 4r ^ )it CSI St & $ ft 4± ^ - 

H_^_j!L^: csi^ g -sl mimo^- it § & fa 

m 2A4r - iB MIMO# it if & ft I 1 0 a & IS * ft f *fc W ^ 
j& B) - ^ i] 1 1 M ft i oo ^. ^ it & * ^ 6<J - -fig tt 1T & 
M ° # it IS- & ft 1 10a(^L M m OFDM) it fa fa #. & ^ H £ ft 
15O0r X *. ft ^ CSim & * J&. & ft HOa : (1)-^ 

# ^ ^ S W *l it ^ ^ %k 4& m ft ^ ttTXf tttS^ 

1 14a ; (2) - is it ^ N T t # fir ^ ^ ^ m Ht ft tit 3- 
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TX MIMOt S ft 120a ° 

TX f t g[ H 1 14a A SI ltTXf ft^fg 1146^ — iB A 

ft # *fc W ' * t W ^ # * •£ it > & £ *■ # ^ |g ft «; if 
ffl £ TX jlf # j£ S H 1 1 4 _L ° ^ B9 2 A t #f * ^ # * * ft 1f -«fe 

in t ' tx j # & a si 1 1 4a ^ - m m m, m- 202 - - m m at 

£ # If 204 - - -fill £ 31 H 206 ^ - -fin # St *■ it # 208 - % 
xSk H 202# >)£ it # tfL Ol it ' >5l ft tit — 4® # 3M<J % m if $ 
^ m, i% % Hi 4± ?t - ?X H. -f* 16 fll it 0 * it 5c ^ £ 204 ft 
tit — IS # * ^ £ !fr if # # ^ it ^ Ife j$ 4i it ' « * # # & 
- ft *L H 2064* it ^ Ym iSL ^ 4© >v & fi$ is. ft ft 31 ■ 
« ft 4ft it #■ 3£ 6^3 & ^ <£ it #t - >5L # St f& # it # 208# it ^ 

ft 5L m, m i± it e& M i'J - i® & i® m v-x # it f- # # & 
# it ft #| ft # 5ti t • 

H * it j& 3E & <ft if in is. it % m fa £ it % 51 % #4 

( *u ^ H m it n ) ' 3£ & T ffi it Jh 4 ^ B 2 A t « ^ • 
^ it m # *& it ^ in ^ it ¥j m t A *P ^ # *fr * it t 

if • it j i ftitt ^ . it ik ^ n jf'j m it ^ 51 t # ^ 

-ft * it if ' f *T I. if *» 14 it ^ ° 

*»H2At fr^ ' ft tit # 4t H 1% 1 50fff J. *. *P ^ csi 

• 3& - ^@ ft t iH t ' H * #'J ffl - -fSl 
@ ^ 6^ fl| (tol *» — -fa it #• 1/3 6<j turbo^ )#o iji] ^ it ft 5L it A 

it 6^ % X8k ' « it &, it #■ 6<J Sfk ii #■ ' i& -ftp it ffl « # ^ 
IT ^ # 3* * it ^ SNR#f iL ^£ « 0, it #■ ■ iS. # ■ ft tit 
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JL > &tyi&W ( 12 ) 

n J. ft 4l 3p ^ CSI(^ it A. g 202 t^I *jl iff sfj 0f * )*! ffl 

^ isj #j i6 mit i ° ' n * — -ib ffi 3. m m> & t* — 

is # *fr as it «* ° If * it £> *b'*t i ' *J #1 m - is it *t' # 

" & it i m ^itfc^-tiJfr m " & Hi. n js. it * m & m 
m & w ^ fa > « * # & ^ it & fa a - i i 1 ^ if 

# • P. W. Wolmansky^ A.^-J£ V-iff;& : - # ffl 

« tf *^-ft^fc-^**iJtJiit/S.** IT # # id 4L #£ # " 
(<#■ f-J ISSSE-98 * & *I Jfc j£ AS, )#J ft i£ t i£ 0fl - « _L i& 

H A 'as if 4 ' * t # ?! ffl ar ^ # a. * it t • 

*t # - m # *w * it f ' »T If 3& Bfe # 7t 208 i£ if j*. 

#*?L«ifl|'&7tW^te.* ' « ^ A # — it <i ft 3fc ' A # it 

# — it 4*L ft %L Hfc # KJ - ^B#i*A5.-it *k It # # it 

# & $q ft if $ *7 QPSK - M-PSK(fa # *J £ ) ' M- 
QAM(iL 3L ilk tS iii) ft ) » ifc *£ ^ tf t ) _L 4i ft % J. ^ t 

» t 0 # - ^ afc M fi *@ *t it- 5. - 43 *9 ^ ft 1^ _t- ° # & 
*l ft ^ Sfe *L >(i 7C li- *t # ?£ ^ # ^ « it 6<» SNRft ^ « -for 

& ' tit it j. *. ^ -§f ^- csi it # 4- - -fsi # *t « it 6<j 4fe «i 

if i m € if t. ' W ft 4£ it J. ft ^ CSI 4q £■ it «f it 
^. # (*» it A. g j& 204 t A ^ * ) • 

& \ H Ik Ik %\ ifr & ^ SNR^I fflJL^m^it^fp i$ € 

it # ijl ^ o »r ^ - ^ »r ^ i & m ft it t m ^ 

it^it^--f©#^^it*i^6^^it#i5:^ - frj *» ' *J 

ffl t * it a " - <® ^ tfi & it i ft tin " ■ ( i ) - m 1 12 ^ m, m it 
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i - ( 13 ) 

^-QPSKiJ^^ ; (2)— i8 1/3 « m it & 8-PSKiP] ; (3)- 
jSI 1/4 #j J$ it 6-QAM ' sfc iMj 46 «| it #• ft % if 

t *B. ■ It ' *I ffi QPSK * 16-QAM-a.64-QAM«#A 

i* ^ *J * ^ SNR|e, S ■ *"5T*Iffl*'&»^*-#W|B^rt-W 
#9 Ht if t it A 8-PSK - 32-QAM - 128-QAM .. % # = 



1 



SNRIalS 


'ftiflisL reiki ft ffe 


m 1a ft ife 


^m^Ttwft^ 




1.5-4.4 


1 


QPSK 


2 


1/2 


4.4-6.4 


1.5 


QPSK 


2 


3/4 


6.4-8.35 


2 


16-QAM 


4 


1/2 


8.35-10.4 


2.5 


16-QAM 


4 


5/8 


10.4-12.3 


~t 


16-QAM 


4 


3/4 


12.3-14.15 


3.5 


64-QAM 


6 


7/12 


14. 15-15.55 


4 


64-QAM 


6 


2/3 


15.55-17.35 


4.5 


64-QAM 


6 


3/4 


> 17.35 


5 


64-QAM 


6 


5/6 



JlTXf #|SI 1 14a t #J *5 St # Sfe ft 4£ #fc - m TX 
MIMOt If 120a ' t TX MlMOj^ ffi if 120aJ& B 1 t TX 
MIMOjS. ?£ If I 20 — in ft f 1 m - ^-TX MIMO^ s n 
1 20a ft ' - ^ X H 2 14* it ^ ^ S'J 6<j #J ^ # ft ^ x /S. ^ 
-f ill] (Nt-O )#l ft £r ft & ' * t >J ffl - ffc * 6<j - {® >JfL # 

* % ^ * # St; • * - -fs *5 ft an ft ^ #fr - -flu #J <tf 

m t e 122 « - m m Ht 21 1 22* n % ^ £ ft it # ^ & - <n 

UK tb -ft ft ' X it it - # * tfc it ft & ^ ; ifi & - i 5. 39 € A 
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.5. > ( 14 ) 

i^j Jl # & ' « J. £ - 4® it & # * tfc & * # # *fr M ft -ft 

fife - 

in it s w m m it ^ *t -b m #■] m ^ # *fr ^ * & *t at 

( N c < N T ) ' JW "*T f'J * 6<i if * # ^ M Iff *f- • £- t - * 
. if * it JL £ Nc^S $q ft # 'ft iat > X. ^ - ^ M m # 
m X. Ml ( Net # ft Ml ) _L # 3& t* ^ J. !k 3l N c 4l3 ft *fr fit 
>ifi. ° f'J ffl it ^ *<J # <tf # *l Ml ((N T -N c )f )# *fr « Iff # ° 

3 - *fc if t 4& #'J ffl « (N T - N c )t m *h 6<j # $fr ^ Ml £ #f H 

4& P# *»' tl * A & t£ iff # # & ^ «T ° tf ^ 

■t ' ^ - 4® iff # as, * *i - it j<l # ^ * if * £ # 4# 
* Mi # *fr ° 4£ m £ 4# # * Mi # *fr - 4® iff £f $p *ii # 

■14. ft A "*T * 'It ' « ft Bfr ^ #»J 6tr 3& # si j& - 

% £• CSIjfe Jl ^ MIMO# it H £ j% 
B2B^ - i® m. ft «. Ht # «it ^ ^ 15O0r J. ft ^ ^ CSI^ 
Jl ; # # MIMOf it S tfc 1 IOb(*. =fj ffl OFDM)* - i® ^ ft 

it ^ m. m ° - ^ tx iff ^+ jfc 3i n 1 1 4 m- 1% iff ^ ^ /t 

£4$ - & >v >5L # ffe ^ *■ ' « J. ^ ft ft ° •rfet & 4fc 
^ M *fe m J. *L 4l « *J ffl ^ 4r CS 1 iji] ^ it « ^ fa iji] ft > 
A *7 _L «t MIMO # iH B & & 1 1 o&m ft tf_f£ W ik ft n % *Sk 

fa m g» . 

^ - {@ TX MIMO^ 51 H 120b • - iSf itMIMO^SS 

2 1 is # $ij 44#|«f ttd-'xi#f 4a (N c 40 ) ^ ft ^ ffe 
flfc ' * t #»J ^ # - 413 2 M I'J « i£ <^ - m >jfc ( # f i 3^ ) # 
%m ft # fife - «t % 4r CSIj^ Jl ft f ' « it MIMO^ Jl it 
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( 



15 



) 



A7 
B7 



2 1 2 4£ — m 8^ iq x& ^ & *I *d it ^ Nc-fSJ *3 
it N T <f@ 4>J ##j ^ #J * # St ' T : 



Mu 

:5?_ IT 3!»i> 



x l 




e U * 


e !2 » 














e 2Z> 


e 2N e 


* 




M 












M 






_ e N T 1 » 


e N T \ » 









|t t b, > b 2 > ...Ab Nc ^»U«? S ^ 2... > N Nc 

tfj « # ^ * + T *I ffl frj M-PSK » M-Q AM A, * *& <ft M 
£ if 4 J. it it Nc-fS « # St #J - m in Ht ft St = 

eiJ A - # it # tit * Ml S'J it ^ # ifc ^ Ml *l # # «fc 

# M ^ # at & * *e p# e # it # ; 

X| x X2 " ... - 



x nt a % * & *i # -t. m ft . ^ 



X^—b x ' e 2 i + ^2 ' ^22 * ^2A/ C 



5 5 



-T & it «■ i& H- *t * it # *. r*j * *E # E 
it # lit ^ f ^ F+EHt.^tf it! • 

*t & £ CSlj£ a i«j f ' # — -IB #fr - ffr #3* # *fc 6^7 

^ i- m Ht ft St; x;^ ^ it NciS 2 W wj * it ^ (*o # )3W € ^ 



tfe 6<j - <@ Ml *t is. & ' i% m ?ft M - i® m Ht ft lit Xi Ji i 



4r£ 



PI 

If * # jatt#«t«^.W*i*.SNR^*^| ' JL it # - ^ # 

fi X i A tb M T it 0 /l ) - T & it Nc^@ «H St ^ §fe * # - ^ 
Jf] J. i # - -fin ^ * *J $) 4l iji) ^ flp 6ti ^ € at # - ^® ^ 
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i - &WifLty ( 16 ) 

m <ft i t ft J. M. fa M «P ° *t # — -fB b# IBJ fl& f ' - -flu ^ x 

H 214# m it MIMOt a II 2 12#f A ± # it # N-f 'flU ^ & *J ^ 
^ «q ft ^ -X. ' i£ «: #r N T 4B m ft 55- 1 22 ° 

T flL & it *I ffl 6$ CSI^o it it # #1 # it 

£ ± CSIA J£ • # it # <l± % % & it ffc # M %t 5E ± CSI 

■ jfc & o &\ to , *r - j® # 64 ijf # b# 54: & is £ CSI 

As ' i °r 1 ^ f # s# # #j it & csi& a - 

^**^#Tftft*^* CSI& > fe| ■*» # it ii it 4& & * 

# JZ. ft hi] SNRB# ■ 

JL OFDM-^ MIMO# it H £ ^ 

h 3 jk - is m m ofdm^b ta m & $ % ± a ^ & c$>\m & % 

M, m. *L M1MO i£ H $. m 1 10c gr - iB * ft t & W 4l 7T 

m ■ - is tx # a s n 1 1 4# it # f- m iiL 7t m, m - # ^ - 

4ML J3l # 3fc Hfe 4* ' U M. !kP\ € flF ft ° T * 4* it #■ 4*. H ^ 

^/f J. ^ it T *J ffl 6^3 ^ 4r il # ^ CSI #| ft it « fl| ^ ipj ig - 

n - m jl ^ oFDMt mimo & & ft f ' -^r ^ ^ m m *j * 

it Jl #c a ^ # # lir ^ # it ^ i^ € # ft ° * « - * & 

MIMOit it #5. M it # B# ' Jl'J it # — -flU 5'J m it Jl il 

^ * 6^ # *ft ^ * # # * # °_ 
^ — <@ MIMO A S m- 120c ' — -flU ^ X. H (DEMUX) 310 

4feitfcta^$9SE#Sfc ' ^ it ^ € flF ft £■ x /S. ^ -f- ^® »j # N 

it flr ft s ,~ s L - *j ^ # - in m ¥ s'j $t it 64 - ^ i-j m it 

ft jjS. # ^ it ^ # ft - 

Sit % ^ CSl^ ^ f ' M ^ # # - -flU s'J ^ it ^ ft 4t ^ 
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A - &Wi*Lm ( 17 ) 

& - <fS -fig #J 60 s-J ^ it MIMO a n 3 12 ° f - f@ I'J M it 
MIMO J& Si312tt f 4fc f'J 60 S'J #j it ft St 8ft, ^ i A 3r -f iS 

( £ it Nc-fia )ft ft it ' ^t^J'ffll'fli W »j * it # - <® 

ft St it >jfc # Hr 1£ ^ #0 ft St 0 St — 43 OFDM & t Wti 

csm a ^ -r ' * & " # - m # * i'j * it " 4jt a m m n 

■ ' # - IS S'J « it MIMO^ S If 3 1 2#L 4dt 7T ^1 

^ ( l ) * & *l ^ it Nc-ia ft ft St • « 1 i ¥ ^ #'J *0 ^ #3 

ft ft St ° - -fill # * * *J m it * - # 3*. # ft & 60 - 

* & ^ ^ ft st ^ 4t f it Ncii 2 w] m m it & o m ) 

*q ft ft st 60 - <s ^ *t & ^ ° 

St % ± CSljft. *£. f ' — i® -fin »l 60 -X. H 3 - -f® #j 

« it MIMO^ a»3 12*^# — -IBB#IV|^t^S.^fJ.±6(i(^ 
it )N T -mi & #J ^ ft ft ft St i ' 3L i¥k & it )N T -flU 
ft St la & H 3 1 6a~ 3 1 6t • #-J -kv » & M #■ ftl # it 1 60 w| #i 

it MIMO^ J£ §1 3 12a^T ft £ it N T #I * & *l #d $J ft ft St 
#fr ^ 1~ N T 60 # S'J M it 1 0 m & & ' -}§ £ * S'J « it 

L 60 I'J M it MIMO A S # 3 121 ^ & <f& ^ it N T IB # St ^ ^. * 
1~ N T 6^ #i S>1 M it L « 

5L it *P ^ CSI^ f ' — iS M Ji H 3 14M- # — -fS 

S'J * it # It ^ S ^ JL • it ft #t ^ ( ^ it )N T iS ft St M ^ H 
3 16a~316t° t f> ^CSU S ft 't ' * ig i«J « Ijf M I M O A 8 
# 3 1 2 60 j£ JS • 

# - -f® ^iL H 3 1 6# ii ^ ^ it LiSI M #. S'J M it 60 «3 ft # 

St ' ^ tt ^ # - m b# itq & 60 ft t la ^ £ - ^ ft ft St ^ 
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i - ( i 8 ) 

f Vt ' Xl m- M m ft # 51 ft * it 4ft #&■ » T - IS A S Pg 1 J£ ( ?p 

^ ft II 122) ■ 

*» & • MIMOjS. m. B 120c# ^ *u & j£ jfc % m ^ # & , 

-f® ^ ft # st ft * ° # - m iPi f it f vt s - {@ f - ^ 

b# ft «fc • A & *| ft # 5fe t^j * V # # - i® 7t ft * - 48 A 
# - #j - & — » i^*Ji^ife^E*9ft^5lt^.ai*i*.^.#3*. 
£5 $ f.j it ft M J» " — *fc " MIMOii. ft *t M ii -ft 

- i-j ^ £ 4fe $i ft # ft ft * & * i*j # & & ^ # ^ # 

13ft OFDMift ^ $| ft If 122 tfj - j® JL ff f «fe fr] » $r 

MIMO& H 120c t m ft # St ft * V,~ V T ^ S'J it 1ft ^ 1$ 
ft Jf 1 22a~ L22t • ^BStfr^^Atlf^^Jt ' # — #i 
ft H 122 & ^ - -fill JL # ft it # #'1 n # ^ (IFFT) 3 20 > jf 5f tt 
£^±H3 22^-fSli4jjL#^#3 24 ° 

IFFT 320^'J ffl IFFT^f # - 1® ^ f'J iji] ft # jfe ft * # & A. 

& # m m & ^ i% & - <® ofdm # as; > ° # ifft 320 

t£ If A *j- ft * -fi M #• I'J M it ( iH -to 8 - 1 6 - 32i® ... % % ft 

n ifft - ^ — -fin * ft ^ ^ m t ' «t # 7- -fin # ^ a - -fs 

OFDMfiP St m ft ^ 5fe iSj * Jh f ' f f f I 1 ± 1 322* * 
it OFDM flF SI * W i5 M * ^ 6^ - *p ^ ' « ^ ^ - ^ # ?4 

#%i^%L¥j-m#-$!ft%L ° ^ # n x *$. n # *t if a ^ 

fs E?3r ^ jf'J 6^} ^ S. 5i & ■ ^ itb if jtb & # t *p IFFT 
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.5- - &WisL*fi ( 19 ) 

320^ ffi Jfc X J. £ H 322*$ #i *t 0 

^ ^ . ,£7 _L # & 324^ OJ *n # ^ & — -fm ^ tb -ft * i$ 
ft - *i ^ ^ it & )#■ — 1® * ift J. J. £. if 3 22 t 60 Bf HQ 4f> ^ 

* ^ ( it 3- ^ - ffc Xj # *fr # ^ ) ' u M. i®M ft it 
%H - Ji SI ^l & & -fS »] ^ & 1 24 # Jft it im ft If Sfe ° 

John A.C. Bingham^ - % Jt & " if # # ^ # $ & *! 
ft : An Idea Whose Time Has Come" #ji&t£('C-?-'f^i3E 
^ & (IEEE)it -ft Jfc f'J ' 1990^ 5 ) t £ if *L ifc b/J T OFDM 
iji) ft > ^.'t « 51 m ft 7j A # *■ ^ t ■ 

-ft- -ft §fc * ; #t * * fi * ... £ -f- ) - t*^-&-*#*fr*r#£ 
^ m A s • 

JU OFDM^ MIMOf ii£ H- & $Jt 1 10d£. - lp ^ 7 B 3 iflr is 

& ^ m t «fc * & *fc 1 1 od# IT & <i it ft ?£ ^ *t ^ iff f+ & 

- m 3- B 408 • JL H 40 8 # it 4ft ^ W # ^ JL A ^ -f- 

m (km )m it Hf # ait b ,~ b k o ^ — -f@ M it # & »r *a # j. 

f?.J - i® -ft 5fe n it » - -fS ^ 4# # it * — i®%% ^ "f vl i - A 

- i® # eL # # # Jt- • JMr 4- - ^® * ^ *t ^ ^ ^ - ^ -f© 
M ^ TX ; # # A ffi H 114 • tTXf tttSE 1 14*J ffl - 4® 

it JT*. ^ * it ^ # >Jfc 6^ # ^ if it « «l « Hf ¥r ^ ft * - -fill 

# j*. qO x. ^ it * 5# >v i£ # 16 ^ >i jk ¥r ^ & # i& % & ^ & 
it M S'J — i® A $ i® ffl « # ^ ii * it ^+ JSfi. ^ # ♦& ^ it ft 

m ft w * + ° 
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- &W-$L*ft ( 20 ) 

ft & " # - -fs # *Hr " ( ?p " # - -is * it it #F aft. " ' *»i4t 

#T * ) & *f it 16 fl| • & fl6 ' 5F °T 46 «| — & %. S'J #5 it « — 

& s |WJ m M it - - & * S'J * it Jft 2 W al ffk it * - is 
s>j 4* it _t >tt it R ^ ; # ^+ ( -ft* n 1 1 #r * ) - ^ -f- « it 

W at * - -fil * it it %\- <ft — -Hp > R. # vr 46 «| - Hq 
ft # ft » # * ft s# W * 2 W ^i^lii - 

^ - lit # £ 1® M #■ fti'* it _t m #7 # - -fin «f ^ i-j ^ it 

6tr - 1® J&l £ 1® 2 W *J M it # # - "fill TX ijf # A S H 114 + 

# $ a flp'st ait, - — -fig tx mimoa a s 120a s txit # a a 

S 1 14 + * it ^ *? ft # ft >ifL • TX MIMOt *I ft 120d^T 4fc 

as it ^ - in m ft ft ft it «t ffl ft it it *t & m- m n ft ft ft at 

3* i. & 3r -f" -flS 5'J * it ft ft at • ^ ffl 4 t 0f -ft ft f 

+ ■ **- - 1® M #■ I'J 4£ it -L # & m ft # ft >t S , > A ^ US #f 

#- #J #t it -t # *m ft ^ ft it S K - - 4@ ^ ^'J S'J $f it MIMO 
ASH412AS*#-'fli*^*J#it6(j*?ftjjfc ' 3- U 

4 1 4 ^ i # - m m € >t > >st * & ^ n 4 1 6 in ^ m & - i® ^ 
ft at ( m -kv yx m fa m 3 1 ft & ^ ^ ) - — 

# #lr ^ * tfj--f@#jft#ftrSj* • 

- & * f > - if isilit^t^l ^_it # ^7 6<j ^ 

in m, m & m ft # - ^ # in w nf ^ ° « ; f ^ * ^ ^ # m 

-t it ^ 4r CSI j8L 4f5 ^ CS1 6^ ^ ^ - « 44: H * «fc # 3! Jfc ^ 

it % m ft & # %i iL # # it 6^ ^ ^ ^ csi . ej «. 

it # iH ^ *fe • m # it H ^ *fc ^ *J ill it ; f *i 4i ^S- *fc *3 ft 
it « m, jfa ft • «^2*-jfc#riii4Lfti&"g-i&ffl ^ ^ mimo > 
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£. - &tyitLW ( 21 ) 

OFDM j& £■ -E &ft tlPo it « f <® *t ft # M it 6<j it -ft if * 
OJ ^ - ^ CDMAif t)^if 6<)f If #^«it ■ 

^ 2000 ^ 3 22 El t A ^ i * t f f ^ f 
09/532,492 * £ ;g ^ " ffl J> j£ ijl] ^ & j£ j£ > * ,|± ^ i£ 

-ft * " t £ if 2ta Afc ^ # MIMOt ' * t ^ ^ t if * 

* & m & m 9b n. 4* & # " & m. - in mimo $ & * it ^ 

5'J ff 1st > ® it # *fr ^ Kf ft " #d " If # it MIMOi it 6$ 

# 4t " ° #■ * ' ^ it ^ if # 4l #j it # m. ej ^ it # it n 
& m y*i®&mt%tAw.( w -ku m m - in . • • ^ ) ° « 

.lb ^- ^ - # it ^ £'] 5t # it # it itj 4± m ° it # jtb 

#T i4 4t H A ffi & # & ^ - * M it M it *E F# & # (CCMI) 

& # - - 4* ^ « M ft <h ^ 7T M £ (UMMSE)t # - ft 5£ 4r 

csi& $ ■ #^TH^*s*fe.i^w_Li&i^^r^itis. - # 
ffl * •& & & m & *# # #■ n j& a a # • 
n i n. m % $ & (n r # )# ^ ^ ^ #a §t % a m. - m % ¥r 

# ^ ^ H $ ^ 150 • # - ^ # jjfc ^ «|l 152a~ 152r g £ ifc 
N T ^ # A & t & ifc it ^ # #^ 4l it St ' JSL # it # *&■ 4l -ft" 
f£ SS- «fL ^ tr J. - ^ -f® #J 6tr # iii) H (DEMOD) 1 54( * 

- 1® m v& A m H ) _h • frj ' t^^^ 152a^T I #f #t 
A ^ t # 4fc ^ -f- # 4l it 5fe : f5] ^ it ' # «& *l ^ 1 52r T # 

^ -fgi # ^ it %t ° 4§r - im ft M H 1 54#j #d ( ^ & a ^ 

^ ) it ifc f >J hi) it ' # it *I #4Lf£ftfcT#&JsK.-'AS t * 
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JL - ( 22 ) 

' XL %r it ft T # & it at & 4fc ° - 1® # 4q g 
154 $ «r H * - 4® %l n #J 51 # *! * it ^ $k Ml it it A ' « 
A ± ^ S'J ft m $£ # at * t #f it S'J w *! « # at n & 

RX MIMOJ& 5£ H 156 - 

m it # # « ft m ofdm » jiij # - m p& m n- 154# 3 ^ 

*T ffl 3 t #f ^ m £ H 122£- m & # 4l A S 6^7 - i® X ft A 

s - t ' - is m n n 1 5 4 a ^ - m a a. n & & 

& * # & * ^ «. 4& - -fig «q ^ # ^ & ^ FFT A fg. H ( * 
m * ) ' * t # - 1® ft * eL ^ L #j »j #? it ¥j L 1® *q $ # 

St ° & # ' f firt^SS* fftjI. Slt^i^ffi;^! 

as. m ^ - i® a- jl b its. & n ( m 5 1 m ^ ) • * t it ^ ji 

B Us. & B $L m it # - -f® FFT A js H t ^ *9 € # *t ft * AS. 
" « it it " A ^ -f- -f® ( £ i£ M® ) »j m it # «; flfc ° j& * jfr it 

— s'j # it ^ at afc «. ^ — is is »\ & rx mimo^ m. 

H 156 • 

*t — -f® 4t *I ffl OFDM-i M1MO M ^ f ' *i m - is rx 
M I 5 6*f it ^ N R ^ ^ s,| ^ ^ ^ ^ i/l] ? t # fife ^ -ft it 

MIMO& ffi • X. St — -f® *1 ffl OFDM4L MIMO *fe fli f ' #'J 
/A - {® RX MIMO^ JS If 156 it ^ L^® ffl _^ Hf # # ^ * 

S'J ^ S'J ^ # - -f® M #- S'J M it # it ^ N R # At S'J iL ^ ^. m 
€ «F ft ik H it MIMOt S ° 

^ - -f® # N T ^ # ^ «fe ifo * Ifc 4l MIMO M J% 

t ' # it ^ N R f ^ifc^^^-^jij^Ji 4fc S'J 6<j it 5fe * ^ 
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L~ H x + n (2) 
*ta«ft fj # ft rfj * ( *P g MIMO^i it t «T A 6^; N R 

W Jl M. ± M tt. it © it it N T 1<§ # ^ fp N R 4fc # «Jt ^ 
& 60 N r x N T f it if. tlEF* ; xJb it # ^ 4l ■ # ft ft * ( Bp *fr 
SJ i£ it t 6<? N T x li^jf ) ; ^n^-i^l; noise 

plus interference^. N R x 1 6j -gr - i£ j& SI 60 $p ft ft Jr ^ ^ 
- # 3* Bf ffl _f_ & * N R f #■ jjfc ^ & 0f j& S-j 4l Nr^S -ft ft 60 N R 
-fa iiil ft # 'ft • IS] & Afe, ' t # i t f t ^ f x & i ^ - # ^ 
Bf ffl JL M & N T *fr # * #f # *fr ^ N T j@ 4t ft t #J N T fI #9 

ft # ft • 

»J a CCMI& j$ M IMP jg- ^ H 
*fctffCCMI^#flj-r ' ti >\t H & 1T & f=r it »& S'J 60 # ft 

ft * r - -f® « it e a& ig it * ' * t f t & ^_ 

i±! tf J&. '• 

H H r=H H Hx+H H n ^#1^(3) 
& t n it U " H " *.*«9^#p*^**6 • jf'J ffl - <SI -f- y7 
F# R 7K i$i m it # it *E F# H jfe £. $6 #] & H 11 60 ^ # ( Bp 
R=H H H) - 

#<] -fc^^itlS|«ir*r--^^*&^^5l flF ft ^ A « m it # 

*: H - ^ T ff * ft ^ *° if # M # ^ # it 60 

snr • it t m- * 4fe *p 6<j ft ^ ^ n # ^ # # as, t ^ ^ - 

^® ^ # ^ it Ji # ^ it ^ if ft ^ j: 60 ■ ^ m- 

n % ^ tt#ft*#A^5I#ftil*MIfirft« ^ ^ -f- it 



**X.1kKjjLi&fi til ?:#^-(CNS) A4^,#-(210 x 297 



A7 
B7 



JL > &~*Ai$LW ( 2 4 ) 

j f ik # *i ffl ^ i& m * a s-j m u - >fg ^ ?i it ^ ^ » ^ 

*f # *fr if -f* - <@ it ft # « it ^ ■ F. Ling^ - ig ^ £ 

-4 " ^ it m #- # i# ^ - It CDMAit -ft ^ * -ft #■ - 'hi 
Jfe-ff-PR.-a.iia^ift*^^" (IEEE # 4a * 1999^ 10 ) t ifc ^ 
- * ii ift M it If # ° T r|f it ^ it # ^- ^ # -fe 6^7 * 

it if * 4* m & *E P# ^ A ' « A it M it # tlE^H- 

VX # it -ft ffe 6 * H H r « |f # it #M^.#§£i*J#xL 

#J - I® if ffr • t ^ j& : 
x' =R"'H // r 

=x+R"'H w n 55-^1^(4) 

m ± & ft 7T m & • ^ ife ^ i'j »r H t±7 e s& ig> it. ( ep ifc « it 

*E p£ H H )it ^ f'J ft & %L * L*> m « it ^ # -f- ^ ^E p£ R" 1 
£ it i& ;jf. ^ & * - « EJ ^ it # *fr ft ft ft * x • 

t *j £ it # *£r « it snr|" 4t S'j 6d -ft at 

if % it #. in. i^J -f uttt £ f& ftfl i£ £E # 4n ° - #t *b f ' <P nn £, — 
m Hermitian^E F# > *?&JkH&-&fc*kmtfl *» it ^ it # Ul 6^ 

Tc. ft- 4fe M it ^ b# ' x it * 7c # it it - IP- -4 ^ i is] — 

^ @& (iid) B# > *J «T # it # *L 1^3 * n6^ g M it F#- ^ nn & 

^ =ct;I • X. • ^ ^1 ^ (5) 

= — I ' 

* 1 1 4 it is. ^ ^e p# ( >& ^ it ^e Ft n M^^' ; it ^E 

P* t 6^J * *& «P ^ JI'J A ^ tt. ) : ^ cr; it.^ «& S'J ^ -ft ^ # 
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J 


*- - &"M-z£"fi ( 25 ) 








*i « # *t a m- m & m. # m ^ * # s t& w it & f 






( ?p ^ iit EE ig it « & * yx m F# R" 1 4l «. )4t * & : 








&„'=E[n'n'"] 
























*t c7„ 2 ^4 > * t H J& R" 1 # $ i-m m- M 7t # • c 








*I ffl OFDM^ MIMO $ «t « -T ' it $ H® it # ft £ ^ 


# 1 






<SjL ° #1 ffl OFDM 0# - 1'J *T $r it i£ # " i" # 












# lifl k# & #t & _t # # Icfli 2 «) *j #f i£ - 












* 




3? i-iS it (Pp x'^J ^ HE 7t ft- )#J SNR4 tjt & : 








U- 1 2 

SAW, = 1-4- . 

^- m. A (7) 








« % as # Ift ^ ft ^ ft * «. -¥- ^ - (i .o) b# 








m- i% & 4fc # ft 6r * ^ SNRi * & : 








SAW - -JL 








i/Vt * It it 4*. n flF ft * 6t #_i-f® 7C # ' 








'ft it # in ft * it • 








# it N R § & *:^l|t^i -id -ft 5fe *» Ifc jfe • 








A - 4i *a ^ -ft ft ' * t ^ A '■ 








r - - Vii 

* /««/ / . 1 • 
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( 



26 



) 



^ . it &L ^ ^ ft St tfJ SNR" SNR total " # - i® jfc n N R 
% & ^ «fl t * ft * SNR 4l * fe SNR - -T # 
SNR* Tfc : 



(-1 '« 



^ #1 ^ (9) 



ffl 5ifc m - i® RX MIMO^ 3g H- 156a^ - iSJ f f f ^ , 
* Hg. Po ik ft it _t ifc 6$ CCMIjS. a • ^ RX MIMOil. J£ H 156a 
ft - - I® £ i H 5 12^ it N R f£ & ifc *l & t 6<j «q « ^ St ^ 

i ft ' *x % A - f® SI H € # * ft 4 (r) afe ■ T * Ut * to 
^ # & 4£ ?! ft iL * - £ M & & & * 51 -ft SE If f* is ^ 

it if. it h ' it ^ t i t ^ ^ ° & * It dkcr ji #t 

tf 4l R=H"Hif £ t* *E I* R* 4l > - -fH E fc ift ill » 5 14ift $ it 



f ^ I'H^ f f t ^ f L ' + ^ is * K6 *| ^ « it if. & IE 
- i® #L >£■ H 5 1 6 *X it R. # -f ^ IE F£ R" 1 fJS & it f - ift dt ^ ft 

i > « & it # M Ht ft St ft 4 x_tft - fin if # x ' < *» _L 

35T #1 £ (4) t ft ir ° 

St ^ it it *t & ft f ' T ^ it ^ #r # ^ t ^ # *« it 
« it Hf flfc #J 5-J it # 3fe >vt «: - ^ H 5 1 8 • % t 

fe^»518#B#W » S W "A. $f #- 7l ii ^ Hi is. & M. & ° 
• # it ^ In ^ iL i® ft %t x"^ ^ RX ; # f+ it # 1 58 » 

#u ^. ^ ^ # it ft ^ n ft f ' ^jt * # ^ tffl « ^ st x" i 
# ^ ^ rx w # >^ a n 1 58( m 5 t • 

^ > RX MIMOJ^ 3S.n 1 5 6a ^ ^ ^ -f- i@ ft ^ J. it # 
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.2. - frtyiSLW ( 27 ) 

it Mr $. $tt ±. m m m it *r -f- # « it _t ^ m il ft %t 

«£#«£.tt#i3L« * *fc 6<7 & 4r /<P CSIjfc i% it # 4a *{■ 

&j.t*^*i**apttJi ° & > ^ it («. a m. )& %a & & 

.^RXf 158 • 

^Rxt tttan 158^. ' ^ ^ - 4. ^ i$ ft # sfc #j 

# St 45: Vk & - 1® ik H - m Pi ft * ( *4 *» M-PSK - M- 

q am) 6<j m m m n ft # • &tt*#*i£*t 

& & ffl;frj&«*#*fr#|il&:6$#ftitt.5:*8 0 *t « MIMO ifi. 

ft #t & ft -r ' & ^ # ?s ^ m 1 1% £ ^ # n w? * m mm ft 

ft flf # & £ i -fb # - « ft it it *f i*. # M 4i # it ft it f- 

& ' *&$Lt&&i£n%-7tftrtitmtf!£> m *> m ft tt & ft 

£ o ^ t f f # - i f i| f # l*4ftte-'IB#.<fr--# fll if 

* «i <s #j # «i » ' t ** # *Mt 4 & it it n * Ttm^n m 

it if # $L #1 if * X ffi ■ it # - # fll H t #J # fll # ft * 
it ft it Hf # at * # *fr ^ * # #j - -ftu if <f* ■ 

* # it if 4l ft ft # ffe k 1 ^ / * it fe iji) ft # 5fe 
4% ^ - -fin CSIj£. a £§ 520 > #J £ it ^ # _^ ft it 6<j % ^ & 
n CSI - ^ it «. 5l ^ ^ CSl^: & tk «■ i^. H- * 

«t 110 - #d *i . CSI^ a H 520 tit it >lt $J ^ 4$- f I 5fe if 

j& 5^ (7)^ (9) if ^ it SNR • m ^ ^ i# 4£ ?| ^ ft& ^ * - # 0 
^ ^ J*. If ^ it S N R > -4o J It|tt^^ • it ^ # «j 
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28 



) 



M it #J SNR tL & SJ & & i& # ill H £ & «j <p a- csi • ^ ^ . 

# t£ ft St If Sfe ft Hfr - IS * it If 3 522 - in & J& 
H 524 > *X ^ M n i% m it # #t *E F# H if* 4f A it -f- ^ £E F# 
R ° - 4S #'J H 530*R ^IRX MIMOt ffi Jf- 156a^n RXf £f 

j& m n 1 5 8 _l > J5L # ik * 7t ^ ft a 0 

*I a UMMSEt # ^ MIMO# *J4l ff 



M #t J»J «j If Sfc ft * L ' « A t£ # ^ # Sfe ft * 2L6<J - <© it 



^ MMSEIf ffraL » + »r * * : 

x = Mr 



i? A (10) 



it « *E F# M > & ft. Ifc & MMSEIf x^a & # *fr 4l # St ft 



* X« M. ft * «: J: & ( ?P e = X- x) • 



£=E{e"fL} 



= E{[rV-/][Mr- x.] } 
= E{[r"M"Mr- 2Re[x/ / Mt] + x/ / x.] 



T & M j& & & $t s & 'h It ' "r«tM6t4f-1*/*.*-ia*t^- 



dM 



£=2(HH W +(Z> nn )M // -2H = 0 . 



*J « <* ^ * ^ E{xx"}=I > E{rr // }-HH // +^ / ^ E{ix"}=H«E # 



T 37 : 



2(HH // +#,,,)M' 7 = 2H 
£ ' ^ It F# M * * & 
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JL - &tyi)Lty ( 29 ) 

M-H W (HH // +<A I „)- 1 ^-#1^(11) 

•r * 4dt ^ a 3*. ( i o) ( 1 1 ) #f it # ^ st t*i * 1^ «. i& 

MMSEIf ^ij Jfc. A : 

X_=Ml 

= H H (HH i/ +^n)" 1 L ^^1^(12) 

& & # ^ x * -f- . -a. it tv & m m ±. m ^ fi 
it it at it # ' va n &n uMMSEit #. t ^ # j& n it # 

SNR » & t 4 ^ & : 

£[x | x] = £(Mr j x] 

= H H (HH"+ir'£[r] 

= H" (HH" +^)-'Hx 
= Vx , 

J±- t * It *E P£ ^ A : 
V={ Vij } 

-H // (HH^+^ IW )' I H 

m it ts ^ 

(HH" +p m y l = #>"' -c'H(I+h"c , h)- 1 h>;' , 

# It *E V A : 

V = H w ( *- , HCI + H w 0-'H)-' . 

# It Ul 4fe MMSEIf # 1. • x $ HS 7t ft x L & ^ & : 

i ( = v .i^ + - + v „-*, + - + • if $1 ( 1 3 ) 

m t & ?t ft ^ ^ M it ' J- £j * # ^ -f- i£ if. H# ' S'J 

m- ^ i #j ft ft ^ m ft & * * : 

ELx s | x] = v„x ( . 7T A ( 1 4 ) 

-33- 

4^i*.^X-&i&ffi f Hi £#3HCNS) A4«.4S-(210 x 297^-*) 



1230525 



£- - ( so ) 



A7 
B7 



(i 4)+ m ' x i& xi w — ® in, & if ft ' ft 
m uMMSEt # m iL ' m & & ¥k <\t b <ft *t & ° m * , 



f& vx vu vx ft x, #j — in & 



2SL v 



if fb ° -hp A • »T T — <@ 



£ & £E f# d; 1 f% i% ifa £. if 2L ' m. ft i« & (ft £ * 



^ 77 JL x. 



x = D v x , 



77 5^ ( 1 5 ) 



Dv l = diag(l/v n , II v 22 , ...,1/ v w „ ) . 



#1 & it noise plus interference • T r(f it j& -fll M. if # 2L.it H 



*fr ffc ft * x W {>*) i& M. A : 



e =x-Dy l x 



= x-D- v 'H ff (HH"+^)- | r . 

T f t 1 r^j f I t I it * F| 4 ^ ^, : 



^ =U = {«, / } = E[ee' / ] 

= I-D; , H H (HH" +^J- , H(l-iD; , )-(l-iD- v 1 )H"(HH'' +^r l HD^ 



#■ ^ U,j 0 5?t J: T^J "2T e_ 



6^ iL # # }B m i*. ft 0 & ft ' T #'J ffl It ft 5L # ffc -ft ^ 

& tt^i^f & n ft m * ' ^ ^ # n k it « * 

tttf I * 'l± Ufe ■ . 

■ftp it « it m iK 6<j 7C # A & M fc i i d ft ' I'J ~°T -fa 7T %1 (5) 
t #r ^ * it « i£ # IK. ft M it *E F^ ■ *i t • ^ m it 



^ & ft 4 e_^fj i % M it « # * ^ ^ : 



= I - Di 1 [I - cr„ 2 (^I + R)- ](I - 1 D.-' ) - (I - i-D? )[I - <7* {all + R)' 1 ]D 
= U = {«..}. 



—I 
X 



77 m ^ (i6) 
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) 



U = I-D; l H''(HH w +0 1 „)- l H(I-|D; l )-(I-iD; t )H''(HH"+ (Z ^ ^n )- , HD; , . _^ ^ ^(17) 

-=T # it *s 3* m J.t£3U-f®#4&iLlrSfc-tift/^i$il*fr&.& SNR 



4 ^ ^. : 



U 



^ t f i S ii 4t 5'J If ft Xj 



/7 



^ #1 * (18) 
f^f * Ml * * - 



(1.0)1* H'J *r*tt**t# tt ft * 6d SNR4 * A : 

l 



SNR : = 



II 



m 6i£ W — in RX MIMOj£ m H 156b^L — 1® * It 1t afe #'J ' 
HE » If t i tfj UMMSEI J® ° Jfc it CCMI jj & M fa ' 

k, ft. it # ifc *] tfj 9- 5! it *fc / i£ t ft # *& if # it *E 
p£ H • & * • «. #: ^ & £ ( 1 1 ) if % it fa m it $k *E F# 

M ■ & RX MIMOt S If- 15 6b ft > - ^ | X#612^t f N R 
4$ & *t *l & t ^J^ tUt ' « ^ A - 4S »ffc $'J ^ *! «£ If *t tSj 
* (r) ° m 4l • - IS 3pL H 6 1 4 *X it £E F-£ M ffi £ ^ it % >& 



fj #j i$ If t£ ft * n ' « ^ A it # If % ft * x#> - 1® if 

#x_'*»Ji^-^^ i (10)t^f^T ■ 3 *h ' — in Hi >'£ H 6 1 6 ^ it 

& a & *e f£ d; 1 m ft $l it if 1 ' ^ # jsS, it # ^ If Sfc ft * 



x_#j -i Ml if i&lL ' -kP ± 7T 41 £, ( 1 5) t #r * • 

4fc as it it & fr #J # ft *t H ' *n # it ff\ % 

^L^t Jfl^#^T it «i£ ^ *t i*. 6^3 jpj * it If- St >A «: ^ ^ - -f® 

& ^ 6 1 8 . ^-tfe^»618^-B#lVJ - $ W ^ £6 <i ; # 

1H. ^ ^& • ^ ^ ' # it ^ ^ i^ *fc If tl"t ^ RX 
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'if £r A H- 158 - J5L 3fc £ # i£ -ft & ft f ' -T it 

^ ^ #j » # st x.± & * ^ RXf A n. H 1 58 - 

# j|f & ^ <j| £ If f£ ^ i$ g # Sfc 2L*» M # &L ^ 4L ijij £ 

# 4* #fr — -f® CSI& 3£ H 620 • *t CSIJ^ 3£ It 620 #1 5t 

it # $t # it 64 % £r il «P ^ CSI > A m it «fc Ef ft 64 £ /*P 

^ CSIt & # it H & *fc 110= #-J *7 . CSIJ& a ^ 620^T flt £ 

*I ^ (1 6)~ ( 1 8)if # it ^ i-flU # ft # it 64 SNR - it # ft 
it 64 SNR & ^ © ft *fc * # it » & *fc 64 CSI ° 7^^(11) 

t if # & 64 it * ik It MM- £i^*«J£i^**(j*^ift fJ * 

*'] ffl % CSIfe # ^ MIMO j# 1 

*fc i* & £■ CSUt $ ft f ' ^:feJi>5rig35U2)+0r*#«3F- 

n r § & ^ *l * a n> _l $>i 64 it ft 4t * & ■ 

r=Hx + n ' 

m- it # it *E & % *fe m & 64 £ # m % A ^ it Hermitian 
*E F# 64 # $t ft * W * * & : 
H W H=EA . E H • 

F£ , |. t A 64 #fc *t # A N T xN T • it # it 21 ^ & *I ffl it # 
«t ft t ^6 E*J ^4 - #JL (Nj-flll )«3 ft n 3fc (k) ' *>Ji7§^(l) 
t 0f * 0 -ftp Jk ' ^ it N T ^ # ^ * t it # #lr ( 
*I #4 Rl^fti^l : 
x_— Eh. 0 

m H^HJ*, Hermitian • & it # ft * *E A - tl 64 - *» 4: ' 
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33 



) 



& * * - & # ' »r ^ it fj #j -ft & 4t * 

r=HEh+n 



77 a s£ (19) 



it H- 4*. 4r - * it E Be. ift it ^ * ' j£ It ^ ^ JL it & 



is # m. it? 



it ^ 4f it E B& % it jfp Jfc -ft it #j * A — iS 



i»jf £' ^ 4* ^ ^. ^ : 



z=E H H ff HE!i+E n H n n=Ab+n' 
& + t^p i& *f #• #t 6\J t& H: ^. 7F j& 



HttH 



7? n A (20) 



E ( fin" ) - E ( E " H " nn" H E ) - E " H " H E - A 

it & *l 7C # # * it * # «fc <S.m M. ± # Si * 



_r = HrrH 



77 a A (21) 



jitfcfc. 



#j ^ H® 7C #• SNR4 ^ i ' £p A §t) s$> \iM M Pi tl ¥r ° 

^Tfr it £ @ 4M'J t t t ^ t 09/532,492 t it tf *» *fc « a £ 
£ £■ CSIJ& J£ • 

# sf'j m m s t m- * ^ * *t s * at f w & *t it & csi 



& # • e @& i§ it n 5 i4ig iii it n ^ n & ft at; ft 



^ v'AiZ-& mWl & * it # it *S F# H w ?§ ^^^--fU^tr- ^ 
_L ^ #1 ^ (20) t 0f * • 3 ft ' * H 5 1 6 « it % * # «t ft * 



E"?s £ jps. it 5ft it- ft * ' at ^ j& it 



« fi 1 Sfe tSj 4 k6^j - 



miffed* -kv Tr m (20) t^^ ° *t t* csi & # a& 

"T ' # S H 524 ^^^iS^*#^cr^*E // » 

*»JiifcitA«Bi«.^Jl S (frj *i H * ^ H 5 1 8fa RX W ^+ JS. 
a H 15 8) • 

«, m & ± csit # ^ -r ' ««-id»*7c.Tfti)t«#«ttt. 

^ J. ± SNRit # - 43 & «l if * ^ - -fEI f9 * -it t ( PP — -IB 
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it ft 3. & ) *&■ it & # - .-IB # «t ft * • 5£ it ^ M it i# # ^ 
^ II Jfc ft £ it & 4fc H- »J * it CSI * it «■ it & J- #. ffi « 

& f'j it # *fr w w at w s m b# ' I'j it it it & *t ^ <i-± ^ £E 

* # ^ - fe * & SNRi 9} iL AWGNfi it 6^3 4± ^ - 

H M m t m ifc^L <P £~ CSI(#<] *i CCMIic UMMSE)# £ 

£ csm #• at # * #t $-j -ft St ^ * # - -fa # **r m it w 

6-j snr ° & # m * - is ft it $P it # #ir M it ^ f 'J ^ 

^ SNREI *L «■ it it IS- M M, • If * EJ # it ^ # * it * 



*fr ^ M $ & ft ft 6<j SNFUi ( ?p - m 2 rfl »j ^ it ; jl *» ^ ffi 
ofdm - I'j ■srit^^r-imm^- SJ M it ) > »J *t *i ^ A s. 

( W -lb m it 16 «q ft ) *3t St ft. MIMO it #J ft ffl 4* T Hg, 

6<j ■ «t ^ ^ CSI EI 4ft & # ft t~ ' "T & t % ± ft CSIT 

it A n it A 3S ° it £ csi s # & # ft -r ' # 

^ in ( * - * ^ W *$■ #J # * f» # flfc ^ ^ ) EJ # it # 

i£ B . « % + ft& if # m % # - ^ ^ if] 4l I'J m it # flfc <t 

«t it CCMHi # ft f ' * it ^ ^ S'J 4i ^ ft ^ 5| #j SNR -f|[ 
(#J *» ^ it ^ i -flH # «f it Ji ^ I'J 4l ^ ft 6jj.SNR,= l^f/a-* A 
SNRr l/cr^ )ei # St it # it H - ttik UMMSEfe # ft f • %r 
n «lfc 5'J 4l i^ ft If ft OJ *» * it # i^® # M it _L S'J 4l ^ 
ft 6<j SNR^tix,! 2 ]/!/!,* SNRrl/;/,,.' * t ^ _L tt #1 ^ (16)^ 
( 1 7) t «f ^ if #■ uu) 6^3 SNRil © # #^ it # it H " x. *fc it % 4r 
CSUi # ft f ' ^ it % 4fc S'J 4l «q 4 =g |f ft 6^3 SNRtt (fr] ^ ^ 
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£- - ( 315 ) 



% H@ # & M it Jl 4fc 5'J 4l # & 60 SNRi= |z, | a /o* ^ SNR,-= A a /^ 
± CSUt # ft f ' T l i| - f I 1 ] t f f # f I ^, E ' J5L # tk 

e # # it n • «t 1* * a* £ ± csm $ ft f - it 

* it H * *'J ffl « SNR^ f t f If t 1 ° X- #t t£ & CSI 

& H ft 1r ' *jti&-#£#3^i£^i)i|^#3£iLifr > £ j3 
**#«t«^,E^Jt m «j t* *i € UP «; • 

^T#**fc © $L^i£#i£3i 6$ CSI^^p - Ml M * &-£4p/Ml 

M Ol # it • ^ - ' fH * ft 1t #'J + ' 

CSI ' * tit %%. ft M # *fr ^ CSI# it J: #J £ *f • in £ 4r CSI 

60 - f 4*] • *^jt*fTA«^J.*.-^#«t«^ 1 «»jtiE. 
(tt-«^iftt)- * S J4 « ' « ^ # «fc {£ * it & # 

at^^ — & s&i£jfc!££. > #. -*r « - -fiii *t #j it n #f 

* «. <t ° 3& 3 - #i * it if t ' & t M. a. ^ s$ oj *» 

flt*i£60^"ifcit* • *» ^ CSI 60 - m t <H ' it M- i& $ 
SNRf ft B# - 7f- # m SNRit EJ ( £.] in £ #J *fc ) « *t — -IB 

OFDM MIMO) ft f * •T#»Jffl«*#-'«J* + 

60 m it ;t -y not® tit 60 csi* o ^ o ^ ^ ^ & csi 

4l OFDM & ft, 60 - -f® t irt ' itz |^ f j|.IM 41 £f S'J ^ it 

^. — >f@ # ^ ^ w m m it _l 60' snr 4a i*] # . jh ^- j. « 

SNR> * ^ ¥r Jh A 60 B# ^ jj5 - « « ft - « « #■ 

S'J «i| • * "5J" *I JU * *& ffl « ;^ ^ « €fc EJ # CSI^ ; # #|- 

* > 3. %■ & # a ^ II "# 4l JE- .%t ® tit * it # m EJ a 
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as. 



tnj # H 1 ' * RX MIM04 a H 156 /Vf U t ^ % ^ i 



*p ^ CSI(>] m it SNR)H ^ ^ - TXf ^ A m. H 162 • £. 

- iS & 0- i® M « If 154 - ft ft It 154 it - # *l .#0 it A S 
ifi 6<7 ^ # • JSL & * - l£I A ft it # it CSI# E7 & # it If & 
ft 1 1 0 • 

^ $ ft 1 1 0 _t ' & 124#- i|t n # ft # it st ft & If 

1 224$ it # ft ^ © # it St # #1 « ' *f l-tt^'f@RXf 



ft J& Jl n 13 2 ° RXf 1 3 2 #. >ft TX # # A S H 1 62 ffy 

5ktT*-A&.&}-i®£-m&*%. ' 2L EJ IS J. & iL 5l 4r /*P ^ 



CSI > M ^ ' # ?t EJ A £ £/*P ^ CSI^ 4fc & TX* ift & S 
H 1 14 > A. TX MIMO& n. % 120#«J ffl it EJ 41 % 4r /*P ^ CSI 
*3 ft it £ 3S 0 

it If M ft 1 1 0 * m. 4k *t If & *t 150 t #j £ / -^P 
CSI(^'I *7 SNR it ifL )M ft ( *? it )£■ A ?! • frj db ' -T m ft it 
^ - 4s $ ft $; if « 4| » ik # it f- ifl is. 7t # it #■ * it #i it 

SNRflf jL4£6#)#*frfe^7Eg£ ° itb - t * # it « it SNRiS 
# it # *fr # it <ft «q ft if t • * T ^ *■ «■ a fl #J I a "# ft «9 ft £- 

*& 6$ A & OJ -to Hit) > Mtfc n Z. & it m it ft SNRi^ ft # - 

tiett&4£i£ttj& & it it MIMO $ *fcifc;ft*.|±te(*p-# # 

^ ii i f ^ s i i ^ i ^ 7t.# it #■ ) • # it m it 6^ 

J£ M m M - m * M M I M O & ft * - tf§ tt. * ^ P Mi&L^- 



iT 



MIMO ^ ft (frj -Jta - m M m OFDM^ MIMO & ft )_L 
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*T ft # it £ $ & #j « fl* 4* * iH St it 

i 6<j it # ' ^^iit^^H^jfiJt*****: 09/776, 073> ifc 

Hfl ^7 3£ ^ ||. o 

it # ^ OJ *» CCMI^ UMMSE)^- % ± CSIt $ A & *t H 
m. $k $ ' % ~ \® MIMO £ & JS S ft #1 

& iffc ^ i?n J. £ <ft P# *3 dimensionality » jtb ^ ft ffi MIMO 6^3 
-^iff ft - it * CCMI4* UMMSE4£ $ & i^F £ # - 

Bf kq ^ ft # It tt 4a 13 W *! a n at & *t ' * ^ - *'J ffl £ * 
csi^ mimo & fit - 4Il 0 & - * t #p * •& & £ * # B ^ i£ "# 

If 4i # — & ft ft ° 4a # *fc ' 
MIMO# ft * *J £ it ^ # to M it # at ( f? n SNR) - ZL # £ 

& # a- csi © & & it # in n & & & n $ & 1% m * ft 
1T m ° tA ® & * & # a .fl $a «# ft -t. *t £ ^ it itt t 

4£ it! ^ 44. # <^ «fc if 0 

<# igj # it £ «M£ 3=>j ft SNRic ft ^ * SNRif ffr ^ T 
it S'J © 4. J. * b# ' S'J it # i£ if & i& # T £ ^ ^ it 3£ 

w i^. t ^ - # f i ^ ^, *J m n 2$ ft csi a # ( « 

CCMI^ UMMSE4i # ) 0 ^ # • ft ft S«J SN Rlf- # 

^ ^ n & J. #-J ^1 - ^ € 4S- ^ ' .a- #f * ^ # * it 

^ ft ffl it 4a 1^1 W ft ft- ^ 0 ^ ^ ^ 4r * ^ fit, ± M. 
' jl # »r ^ : A •y H & i£ JsL & *k & ^ it 6<j ; # in * • 
^0" # * ft ffl 4^ # B ^ 6<j ^ ^ / *P ^ © # 4i H zfc lift -It 

^ 0 it Jf- it A *P ^ CSI ei # ^ M i JL #■ ' ^ tt M it ^ 
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*fc ± A #- * it * & CSI m ft ft ± A #■ • $f it & tit ± A 
^ A : 
c-£iog a a+yi) . 

*ty i&> ^ 4t CSI& # * # - -fiM£ s>J ^ 33 g£ # ffe ft SNR ; j& 



^ it % ± CSI a # * # - IS # *fr m i£ ft SNR • # ^ I* 
S & # ft SNRfe it -kc T : • 



l 



for the CCMI technique 



n it 



1 



for the UMMSE technique, and 



u- 



A, 



for full CSI technique. 



m 7Afc 7BU W - iS & m ^ CSI^p % ± CSIIhJ # & # 4 
4x4 MIMO & ft ft <1± *B, • ft tllltl # It ^ & * • ^ it 
ISt ' # # - -fill m. it # *t *E F# H ft 7t # #1 # A " -f- ^ -ft 



= 0" #o 



...... 



"XL 



= I" ft m 3. * *r Fit 



0 *fc — -IB it £ ft 



f ' J. £ 3r IS Bi F# realization > A. $p it ^ realization 



m i Aft m it mimo $ & * & ^ ^ snr^i 4l % csi - ^ 

CSI CCMU 3p ^ CSI UMMSEfe # T ft ± A ■ -T ft 

ffl 7A t $- & > it # ^ CSI UMMSt # ft it JL ^ rft SNR-fi 
E# ##» A it 5fc CSIi A ft 75% ; JL ft 46. SNR-fl B# i& it 5£ 
CSI • tt 3p ^ CSI CCMUt $ ft it A ft * SNR 

ttaf it # ^ CSI UMMSE a # i A * ft 75% -90% ; 



JL ^ SNRft tt it UMMSEft it J. #. ■}- 30% - 
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m 7B i£ BJ3 # « Hf £f -f- w S ^nJ.±^t^^X#^#^ 
S*»**^»4lt (CDF) ° ffl 7B« * il M CCMUt # ^ f ' 

# — 1® -f- ^ SNR=16^ M (dB)/# $f it flj ##» # 5% ft tffr 
tfL * £ £ * ♦ <h ^ " 2# it /# «& " • £ - 7j & ' & ^ #1 
[S] # SNRT ' UMMSEt $ £ JL £ 0f # ft -ft jfc T ^ 

" 7.5^^ it /# " • -k* A ' « UMMSEt # * it *f t m 
ft j& «r fcb He CCMUi # #, ° 

»T # * - 4® * ^ 4i $k is- it 5fc A S H (DSP) > # M J& m # 
It € afr (ASIC) - j£ 3E H - ft at H * ft *I 35- * * ft *l li- * 

■ n^^rf ^ e n M (fpga) - ^r^i^itft^x * * ^ ^ t f 

i£ ffc - ^ « _L ft K *r ^ # it H jfp & *t H $ M, # yt 

ft ' #^r#i--i4siJiiift^tM -ft « jfcb. t m i& 
$ & - -ib 4t st tt # #jl ^ & *- # ^ ft m » ° 

650) Jl #A -ft ft #1 ^fl|it*«f CCMI^ UMMSEt # ft 5fc 
n ft Q & & SNR • 

^ ^ & ifr t£ ^ ^ ^ ^ ^ ft ^ ^ W ft m ^ ft i& B .fl ' « 

!S&3fef*jH:##ir^tiK.*Iffl*-#^ 0 *v if j* $ # # ?P *J A 
S-J T##^*ft1t&W ' 1 ^ i E 41 * ^ a ^ 

ft $r It jSL H "# T # jtb t ^1 A ft '14 ffl ^ *'J A ffl *J * ^ * tt 
f 9fe _L - ^ A ' JL ^ 3T # * .# B ^ F^L *-J ^ otb t ffr * 4l 

^'i -t- ' * ^ *■ # # ^ jtb t * ^ ^. ^ fl'J *f II 

# .|± 6<j ^ f£ • 
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J% SA 3± - m £ ^ £ $m & (MIMO)it it & it t #r ifr # #L - 
{® # it B * it # ^ #fc - # & *t It * it 4i #L $ • £ t - * 

* it *fc 4£ 4fc It ^ it Ml & 3r -f- «■ $. # ^ -f- i® it St • 

* t *S 6 # — 4fc ^ * #f 4fc M it $L & - i® A £ i® & 

^ g ^ a * 7L w ft sfe & ^ ° & m. -m ^ $\ ft a %t - u 
f iii ilt & ^ «l (csi) • # « ^ Tfr ^ -f- m ^ if # Hr ^ # 

^ m it # #fc .'• M M CSI# E7 it # it It it - t* # it It * 

it & <\t csi - «. tit He *t S'J 6<j csi& a # 

fir & M & It * it 6<j £r ° 



«l ■ js- ate* "METHOD AND APPARATUS FOR UTILIZING 

* ( &*M3LJ&m ■■ CHANNEL STATE INFORMATION IN A ) 

WIRELESS COMMUNICATION SYSTEM" 



Techniques for transmitting data from a transmitter unit to a receiver unit in 
a multiple-input multiple-output (MIMO) communication system. In one method, at the 
receiver unit, a number of signals are received via a number of receive antennas, with 
the received signal from each receive antenna comprising a combination of one or more 
signals transmitted from the transmitter unit. The received signals are processed to 
derive channel state information (CSI) indicative of characteristics of a number of 
transmission channels used for data transmission. The CSI is transmitted back to the 
transmitter unit. At the transmitter unit, the CSI from the receiver unit is received and 
data for transmission to the receiver unit is processed based on the received CSI. 
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1. 



2. 



4. 



ft tit - m # it U * it # #t & - iB * iKt IS- * it if vk ' eL 

m. & $ % & *t * s*. & *t ? is it %t ' * * it ii # - «■ 
* & 0r 4fc ntf}ii%L£,&-i®&Pi®i$-$k & it # it II £ 
it &i it %n & & ; 

A S it *t $'J -ft % * * * ib * i£ #i II nr «i (CSI) > # 

>a * Tfr ^ >o ffl ^ f ft # # « it w # «t ; >a. 
# it csi# ej & it # inn * it ; ^ 

^it#itif*7t2F : 

4fe *t it 4k *t »* it t CSI ; J5L 

ft it ifc S'J W CSljfe J£ # ft & « & ijfc ss- % 7t #j W # • 
in t It * #J la SI * 1 J J? 4l * • *t«J.*^-CSI&*-« 

- fli # & « it -ft fife /#. 1H. tt (SNR)lf % • 
4a t it 4 *'J IE SI 3(5 2 ^ 4L 7T * ' * t it # it S * 7t -L #j 

ft tit # - # *fr * i£ SNRIf # ft m, it # - 4® # *w « 
it 6^ if • 

4a t it -#■ *'J IS III % 3 ^ 55" ' $r t if- ft tit ^ ^ -fS # *JT 

#1 it 6*1 SN Rlf # ^ jl it ift # - # « it it ft ' 

t it 4 *J Ib SI * 3 ^ 4^ ^ >*■ ^. t it « m & & ■ 

vx - m ft & m % m it # & ^ it 6<7 ; # #4- ; 

ft tit it # ^ * it SN Rlf ffr #9 ^ « ^ <i it 6^3 # • 
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6. ^ P t if 4. jfc ffl £ 3 ygr & > £-t##i&»'*7C-tfi<l 

#S- BR - ft & it # M it * SNRIf * it ^ «9 ft if # 

*H * # - 1® # *t # it #j m ^ iif • 

7. -fc a t if -*■ M % & ' £- t it J- «. CSI & it 

^ £ # *fr « it # «t i& - 

8. ^ t if -#- *l ft SI % 1 35 >£ > ^ ttlt^ CSHI ^ it 
^ £<fg<ft&#ii£tt#&;l££ # m. it ° 

9. *»ti|--#-*II£B*8^4L^->*- ' £■ t it # iH it it -L # 

ft & it # 1*1 * ^ it f - # ft M it ft f- # - 

10. t if 4- *I ft SI £ 9 *fj 7j >k > lt«i i4 H *l it # - 
in # #& « it ft it # ° 

1 1. t *fr # *I ft H 9^ -2L ^ , £. t it # it H * 7t -h 6tT 

j| m. ft $L & : 

& as ft^it^#^t-fi^it^^^I € it t 3? ft it ^ # $r 
^ it ft & 4% W # ' « ft 4& *! ft # SI ■ 

12. t if * *I ft ffi % 1 1 J M & > * + it # it it * it _L ft 
- A « & & ^ : 

^ # $^ it ft ft # at if * £ ft #: it $ # «t M ^ ¥ 
*I ^ it ^ iPl ft *f 5t ° 

13. t i# 4 *I ft IE ^ 1 J J? 4l ^ * _''£■+ ti it # ^ H Jp. it t 
# ^ # CSI - 

14. -ftp t It 4 *i ft IS * 13 J M ^ 2T * ' * + ^ * I it # ^ E 
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* CSI £ #f ■ 



15. t it 4 M IS IS * l Hi it & • * t # *J S'J it £f it 

# fit ft ft & is - is # 3* b# ' m # *&■ it CSI o 

16. t it # *I IS SI % 8 ^ 4l ' £-t«*J*]#;jt#ri&#- 
t*48***#«:«l^.^#«:'tt4L CSI - 



17. ^ t it 4 #J ft SI * 1 J M ^ * ' % t it # H- * ft 

- I® M it *E I* # (CCMI)& I f ib t CSI o 

18. t it 4- *I la IS % 1 7 J £ 4l tt * ' * t it 4 »|t If * it Jl <M> 
CCMI^ S & ^ : 

S it f J «r St ' « % ifc $,j ^ $3 g # ^ ; 



ft tit - 3? - is *E P-£ ift it- it ^ j& s>J ft ft life , « H 



jfi & *fl ft I3F St ' * t it ^ - 1® *E I* * ffi ft it Df 
*fr 4l ^^#^^.^.#it^# «fc *L & M 6<b - m it # 



y-x - % .r- j® f£ ^ it it- #9 ft # Sfe - « if # llr 
iPl ft # St ; A 

if ^ <fi ffl ^ it if # # #r # *& « it ¥j # a - 

19. -fc t it 4 *i ft H $ I8^i 4^ 3- & ' ft & : 

ft - # 3*. #j # i$ ft if * it m ft n ^ if # m m 

ft - mm ft %t = 

20. *» t # ■#• *l l£ ffl ^ 19^ 4l >i- $h $Lk% '• 

21. *o t it 4*J46H^18 ; «^^* ' ^ eL ^ • 
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& # #r 6<j ^ H If St if # ' y^lkWk fa. & 3l n ^ # 

!&if # •' 

» & it At f j #j *g st^ft^A-*^ # it *e p# ; ^ 

* t ft & t* « ut # *t ^ * & it % - ^ *E ° 

23. i^ttl *1 16 IS £ 22^1 ^ 35" • 

if # -i- *t f J w *a « # st * * u£ & #. *e f# ° 

24. -ftp t if 4 *l la m % 1 8 4l ^ * ' £ + t* $ — -fill *E F+ £ - 
*B ft 4dt it % - <B *E * ff\ A 4l ^ # -f- *E • 

25. ^ t i* * #! la S * .1 ^ 4^ ^- * ' * t is ^ H * 7t ft « 

- -fa & 4H £ & * ^ 3r i& Ml (ummse)^ m. its m csi • 

26. *» * it 4- #J % 25*5 4i ^ ' * t it UMMSEt 3£ eL 

A a it & At m tijiSUL ' *J ^ #! *A flf St : 

« — # — 2E F#- M ^ it ^ At f J ft ft # St ' if # 

^ ^ * # 3fe ; 

ft HL it S'J ft #9 US # St if # f -f® ffl ft it Hf # # *fr # 
3£r « it 6<j # «. ; 

& t it # it $ - *E F# M . & # it ^ «! * ^ ?t if # 
^ ^ ^ ^ If St M ft - ik Ml -A M M. >b - 

27. t iH #! la ffl * 26^ ^ ^ ->i- ' ^ & : 

« - % j=. m & F# 3pL it ^ iJS] ^ M WLifte ' « ^ 46 A ^ if 

t£ ^ # #r ii M « ^ st; ; ^ 

* t ft tit it 3- & « £ ^ S£ ^ 5fe if if ^ it ^ # 4ft 
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it ¥j # %t ' 

28. i* t if #1 ia SI £ 27*J| ' & eL : 

* * M & M tik Ml m ft ft Sfe if * & « * - 1® *E P# 

m - xl &. m Mr m m. m a ft %l n & * * * # *& ^ « 

# St W #j it ^7ti $ f J * " 

29. in f if 4 #1 £ S] ^ 1 J £ 4l 3" ' t it MIMO $ & ik H i 

& a- m m 9t (ofdm) • 
so. t n *i i a si 35 29*1 4l * ' * t n $> m m *i * it 

— i® M *J # it $1 4t it 4fc # if * 7L *a ^ # iH S£ * it 

3i. -mm (mimo) it -ft & it t $p t 

# Jfc - IS # it If * it # *fr - « & 44. II- '4- it 7j * ' & 

it 6^ it 5fc & £■ ; 

j& 3E it # $ i® 5'J ^ It 5^ ' « if # # *fr & it #• it H * 

7L t ^ *q * # ; 

if # £ ^JH^Wfr#^r^#M^it^ft^;/#iH.tt 

(SNR) ; 

SNRIf # # EJ ^ it & it H * it ; zl 
** it 31 * it ft 4£ it # & S'J 6{iSNRTf ftAS^t & it 
H * it 6<j $■ # ■ 
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32. -ka t if 4- jfij J£ ffl fl? 3 1 ^ ^. * ' * t # f* t f # - « # 

SNR > 31 $r It ^ # — #1 # *w it #J SNRif tfs # 

€} %Z Jg. tlr 7G ° 

33. *a t it #J IS IS |5 3 1 *M ^ ' & tL& ■ 

m n * 7L 7T : 

& it ^ £ ^® ffl ^ f- # # # * * it #j it ; ^ 

34. *i t «fr * #J la ffl * 3 3 ^ ^ * - & & : 

^ «■ m. m * it £ m m %t n «e # *w ^ it # it * ^ 
in > & at n $ 0- m # # it ^ # m. & & * & pi m it 
m ft n ^ ° 

35. f tl-^fsi f 31^^^* > #1 * it M it 
£E -S. # (CCMI)if * A m. it 4£ S>\ ¥j m ft # ffe ° 

36. -ftp f if #1 & BJ 35 3 1 *S ^ # & . * t * * - -IB * * 4fe 4fc 
£ #j i& A (UMMSE)if t A S it * 5'J 6^} i$ ft # ^ • 

37. -ka t if 4 *I IS SI ^ 3 1 *M 4l 7T & ' * t ^ # it it * 7L _h ft 

ft 4dt it *t S'J ^ # *w * it #j SN flif 

it 6fj Hf # - 

38. *r t ft 4- *J le, 81 35 37*Jj 4l ^ * ' * t it $ it $ * _L 6<j 
A ^ eL & ■ 

& as - ft it i& S'J ^ # ^ « .it ^ SNRif ft it ^ ^ «q 

ft if * i^ ft # - ^® # *fr ^ it 6<j .Ife ^ W # 0 

39. - *fc ^ ^ ^ *fr it! (MIMO) ^ » & ^ : 
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- ^ ^ II- * ic ' a ^ : 

£ ill -ft St ' A A a ^ # S>J # it Sfc > « H. i& *L S'J St 
i^-H^ifff^tS^-ttift MIMO A a 

ib * ^ *t & *i (csi) ' n « * ^ # m m *f it W # ^ # 
# i£ # # & ; tsl 

- * 3ft. 1* & J. t£ & MIMO& 3£ H _L 4l ft *fr ifr # A S 

- $- it If Jp. 7C ' & & : 

J. ^ - -IB # g. ' *tS£#/S.^*tf>»A-3a«^**tl& 

* 7t t <H> - 1® # P 1® it 5fc ' « © «. ** ft *fr csi ; A 
--ft*frjif*|-jfcffi» ' * + ^*A*it«Ei«.4L CSU&. 
ft *fr * it *t II * 7t ^ ¥r ' 

40. - tt^-£*fr>^£*frife (MIMO) it it & m t ^. # ^ * 
£ i® ft ^ it ffc ' A 3S M ^ *<] tfj it §fc * « ft ^ 44: f J 

^ & it at ; 

ItAftt - % — is £E F#- i§> & * 4t S'J tf) ^ € # ffe ' « 

-££ ^ ig & ^ JH It # * ' A*t«*-'fB^**.*ffl*« 

W £f ft ^ £ ft *&■ * *fc ^ £ i# # ^ * ^ ^ W - 
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#i it # at tf - -f* ; 

^ ^ f i§ at 4l ft if st ' >-x if # & n ft # 
st ; 

-if # £ #i ffl ^ it if # # 4l # ifr « it # # at • 7k. m. & m 
it M * m n (csi) » & # * it ^ if # 4^ m it # ft ; a 

& H * 7t + #J csi ° 

41. *I 1 I SI % 40^ 4l ^ ifc SS- * it ' & : 

- $ m tf # n > * t s * & ft & « ft # st ^ # 

^ A - * it if- t*EF* ' A * t ft tdt it it # t ^ ^ A 

%%% - m *e * • 

42. i n t f # *'J I I I 40*1 iL » * 7C ' * tiif 
it # «: if f* & & ^ St /# 1H. (SNR)jf - 

43. *7 t it # #J 16 SI % 40*1 ^t^H^TC • & & : 

-m&Pia&mvtx.ft ' * t & 4- - 4® # *i ft 7c # ^ 

*ft jsS. ft tit — # * W # ft ft if * iffc #p ft ^ ft - m M m 
ft # St if j*. ' *x 4* 4* - # *! ft flF St ifc • 

44. t n 4- M £ ® % 43 m 3l H- * 7t ' $ & : 

- i® A % iS m B ' t- #r - # «| H- ^ & & ft 
- # J*. 6() # if t #• tf: *P - ft #! ft # St ifc ' « & ^ 

^ ^ ^ # o 
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